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INTRODUCTION
T his  d i s s e r t a t i o n  d e a l s  w i t h  t h e  k i n e t i c s  and 
mechanism o f  t h e  r e d u c t i o n  o f  s u l f o x i d e s  t o  t h e  c o r r e s ­
pond ing  s u l f i d e s  by h y d ro g en  i o d i d e .  The r e d u c t i o n  o f  
s u l f o x i d e s  by a  number o f  r e d u c in g  a g e n ts  h as  been  known 
f o r  q u i t e  some time."** However, t h e  mechanism o f  t h e s e
r e d u c t io n s  h as  r e c e iv e d  r e l a t i v e l y  l i t t l e  a t t e n t i o n .
o
K arau lo v a  and G a l l p e m  u sed  t h e  r e d u c t i o n  of 
s u l f o x i d e s  w i th  h y d r io d ic  a c id  as  a  method o f  p r e p a r in g  
s u l f i d e s .
The f i r s t  r e c o r d e d  s tu d y  o f  t h e  r e d u c t i o n  o f
■3
s u l f o x i d e s  by h y d r io d ic  a c id  was by A lle n m a rk .  From 
h i s  e x p e r im e n ta l  d a t a  A llenm ark  assumed t h a t  th e  f i r s t  
s t e p  i n  t h e  r e d u c t i o n  was a  r a p id  a t t a c k  o f  t h e  e l e c t r o -  
p h i l e  H+ upon th e  oxygen atom o f  t h e  s u l f o x i d e .  T h is  was 
fo l lo w e d  by an  a t t a c k  o f  t h e  n u c l e o p h i l e  1“ upon th e  p r o -  
t o n a t e d  s p e c i e s  r e s u l t i n g  i n  t h e  fo rm a t io n  o f  an  i n t e r ­
m e d ia te  M+ w hich  u n d e rg o e s  f u r t h e r  r e a c t i o n  w i th  1“ to  
g iv e  th e  o b se rv ed  p r o d u c t s .  The mechanism p ro p o sed  by 
A llenm ark  i s  i l l u s t r a t e d  i n  F ig u re  1 .
OH
R -S -R 1 
+






F ig u re  I  
1
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2The s tu d y  c a r r i e d  o u t  "by A llenm ark  does n o t  a l lo w
one t o  d e te rm in e  t h e  p o in t  o f  a t t a c k  by t h e  n u c l e o p h i l e  I  
upon th e  p r o to n a te d  s p e c i e s .  The n u c l e o p h i l e  can  a t t a c k  
a t  t h e  s u l f u r  atom o r  a t  t h e  p ro to n a te d  oxygen atom . E i t h e r  
o f  th e s e  p o in t s  o f  a t t a c k  w i l l  l e a d  t o  t h e  f o rm a t io n  of th e  
same p ro d u c ts  a s  i l l u s t r a t e d  i n  F ig u re  2 .
The p u rp o se  o f  t h i s  work was to  examine t h e  mechanism 
o f  t h e  r e d u c t io n  o f  s u l f o x i d e s  by h y d r io d ic  a c id  and d e t e r ­
mine w hich  o f  t h e  r e a c t i o n  p a th s  i l l u s t r a t e d  i n  F ig u re  2 
was b e in g  fo l lo w e d  o r  i f  t h e r e  was a n o th e r  p o s s i b l e  r e a c t i o n  
p a th .  At t h e  t im e  t h i s  work was s t a r t e d ,  t h e  o n ly  pub­
l i c a t i o n  c o n c e rn in g  t h i s  s tu d y  was t h a t  o f  A llenm ark . S in ce  
th e n  s e v e r a l  i n v e s t i g a t o r s  have p u b l is h e d  d a t a  p e r t i n e n t  t o  
th e  mechanism o f  t h i s  r e d u c t io n  r e a c t i o n .
t o  th o s e  p r e s e n te d  i n  t h i s  d i s s e r t a t i o n .  The same s e r i e s  
o f  compounds w ere s t u d i e d  b u t  i n  a  d i f f e r e n t  s o lv e n t  sy s tem . 
The e x p e r im e n ta l  r e s u l t s  o b ta in e d  by th e s e  i n v e s t i g a t o r s  i s  
i n  ag reem en t w i th  t h e  e x p e r im e n ta l  r e s u l t s  p r e s e n te d  i n  t h i s
R-+ ,* + HO
R -S-R 1 + 12
F ig u re  2 .
4
L an d in i  and c o -w o rk e rs  c a r r i e d  o u t  s t u d i e s  s i m i l a r
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3d i s s e r t a t i o n .  However, t h e  mechanism p ro p o sed  by t h e s e  
w o rk e rs  does  n o t  c o m p le te ly  e x p l a in  th e  o b se rv e d  e x p e r i ­
m e n ta l  e v id e n c e .
K ru eg er  h as  r e p o r t e d  t h e  r e d u c t i o n  o f  d im e th y l  
s u l f o x i d e  by i o d id e  i o n  i n  a c i d i c  s o l u t i o n s  o f  d im e th y l  
s u l f o x l d e - w a t e r  s o l v e n t  m ix t u r e s .  A mechanism was p ro ­
posed i n  w hich  t h e r e  was an  i o d id e  io n  d is p la c e m e n t  o f  a  
l e a v in g  g roup  from  a  p o s i t i v e  s u l f u r  c e n t e r .
S in ce  1961, A llenm ark  has  p u b l i s h e d  s e v e r a l  p a p e rs  
c o n c e rn in g  t h e  m e c h a n i s t i c  a s p e c t s  o f  t h e  r e d u c t i o n  o f  
a l k y l s u l f i n y l c a r b o x y l i c  a c id s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
RESULTS and DISCUSSION
I .  K in e t i c  O rd e r  o f  t h e  R e a c t io n
A. I n t r o d u c t i o n
The r e d u c t i o n  o f  s u l f o x id e s  by h y d r io d ic  a c id  i s  
r e p r e s e n te d  by th e  f o l lo w in g  e q u a t io n :
R-S-R 1 + 2H+ + 21“ ----* R-S-R ' + H 0 + I  (1)
2 2
3
A llenm ark  fo l lo w e d  th e  r e d u c t i o n  o f  some p - a l k y l -  
s u l f i n y l c a r b o x y l i c  a c i d s  k ee p in g  hydrogen  and io d id e  io n s  
i n  e x c e s s .  A p l o t  o f  t h e  lo g  o f  th e  s u l f o x id e  c o n c e n t r a t i o n  
v e r s u s  tim e  r e s u l t e d  i n  a  s t r a i g h t  l i n e  i n d i c a t i n g  t h a t  th e  
r e a c t i o n  was f i r s t - o r d e r  i n  s u l f o x id e  and p s e u d o - f i r s t - o r d e r  
o v e r a l l .
4
L a n d in l  and c o -w o rk e rs  s tu d i e d  th e  r e a c t i o n  u s in g  
a r y l  a l k y l  and s u b s t i t u t e d  pheny l m ethy l s u l f o x i d e s  i n  aqueous 
a c e t i c  a c id  c o n t a i n i n g  h y d r io d ic  a c i d .  T h e i r  r e s u l t s  i n d i ­
c a te d  t h a t  t h e  r e a c t i o n  f o l lo w s  a t h i r d - o r d e r  r a t e  law w hich  
was f i r s t - o r d e r  w i th  r e s p e c t  to  s u l f o x i d e  and s e c o n d -o rd e r  
w i th  r e s p e c t  to  h y d r io d ic  a c i d .
5
K rueger  h as  s tu d i e d  t h e  r e d u c t i o n  o f  d im e th y l  s u l ­
f o x id e  u n d e r  c o n d i t i o n s  w hich m a in ta in e d  th e  s u l f o x i d e  i n  
e x c e s s .  His r e s u l t s  i n d i c a t e d  t h a t  t h e  r e a c t i o n  was se co n d -  
o r d e r  i n  hydrogen  io n  and f i r s t - o r d e r  i n  i o d id e  i o n .  The 
r e a c t i o n  b e s t  f i t t e d  a  r a t e  law r e p r e s e n te d  a s :
fl
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5r a t e  = k (H+ ) 2 ( I " )  (2)
B . . Dependence o f  r a t e  on s u l f o x id e  c o n c e n t r a t i o n .
S e v e r a l  ru n s  w ere c a r r i e d  o u t  u s in g  p h en y l m e th y l 
s u l f o x i d e  i n  which t h e  hydrogen and io d id e  io n s  were k e p t  
i n  e x c e s s ,  and th e  c o n c e n t r a t i o n  o f  th e  s u l f o x i d e  was 
v a r i e d  a s  i n d i c a t e d  i n  T ab le  1 .
T ab le  1
The E f f e c t  o f  S u l fo x id e  C o n c e n t r a t io n  on R e a c t i v i t y
S u l f o x id e .  M *4“H ,M I~.M
5
10  k . s e c .
0 . 0 1 0 4 .0 0 . 2 0 2 2 .2 3
0 .005 4 .0 0 . 2 0 2 2 .3 ^
0 . 0 0 1 4 .0 0 . 2 0 22 .45
The r e s u l t s  o b ta in e d  i n d i c a t e  t h a t  th e  r e d u c t io n  
r e a c t i o n  i s  f i r s t - o r d e r  i n  s u l f o x i d e .  T h is  i s  i n  a g r e e ­
ment w i th  th e  r e s u l t s  o b ta in e d  by p re v io u s  w o r k e r s .
0 .  Dependence of r a t e  on a c i d i t y .
U sing p h en y l m e th y l s u l f o x i d e  and m a in ta in in g  
hydrogen  and io d id e  io n s  i n  e x c e s s ,  t h e  r e a c t i o n  was run  a t  
s e v e r a l  d i f f e r e n t  a c id  c o n c e n t r a t i o n s  as  i n d i c a t e d  i n  T ab le  2 .
T ab le  2
The E f f e c t  o f  Acid C o n c e n t r a t io n  on R e a c t i v i t y
h+*m 10^ k . s e c lo g  k + 5 z 3 d
3 -0 2 .7 1 0 .4 3 3 0 1 .2 3
3 .5 7 .4 2 0 .8 7 0 4 1 .4 7
4 ;0 22 .35 1 .3 4 9 3 1 . 7 2
4 .5 5 9 .0 1 1 .7 7 0 9 1 .9 7
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610The H v a lu e s  w ere o b ta in e d  from  P au l  and Long , o
and th e  r e s u l t s  i n d i c a t e  t h a t  t h e  r e a c t i o n  i s  a c id  c a t a l y z e d .  
A llen m ark , K ru e g e r ,  and L a n d in i  and c o -w o rk e rs  a l s o  found  
t h i s  t o  be th e  c a s e .
P .  Dependence o f  r a t e  on io d id e  io n  c o n c e n t r a t i o n .
P heny l m e thy l s u l f o x i d e  was red u ce d  a t  a  c o n s t a n t  
a c id  c o n c e n t r a t i o n  o f  4.0M w h i le  th e  i o d id e  io n  c o n c e n t r a t i o n  
was v a r i e d  a s  i n d i c a t e d  i n  T ab le  3»
T ab le  3
The E f f e c t  o f  I o d id e  Io n  C o n c e n t r a t io n  on R e a c t i v i t y
I" .M lO ^ k .s e c  .*'"*■
4
1 0  k . 1 /m o le
0 .025 1 . 7 8 5 .7 9
0 . 0 5 0 4 .2 1 7 .6 2
0 . 1 0 8 . 6 8 9 .1 8
0 . 2 0 2 2 . 2 2 1 0 .7
0 . 3 0 3 7 .0 9 1 2 .5
The r e s u l t s  i n d i c a t e  t h a t  t h e  r e a c t i o n  i s  d ep e n d en t 
upon io d id e  i o n  and f i r s t - o r d e r  i n  i o d id e  i o n .  As shown 
by t h e  change i n  r a t e  c o n s t a n t s  w i th  i n c r e a s i n g  io d id e  io n  
c o n c e n t r a t i o n ,  t h e  r a t e  f o l lo w s  most c l o s e l y  th e  s e c o n d -o rd e r  
r a t e  e x p r e s s io n :
r a t e  = k 0 fcS . ( s u l f o x id e )  ( I~ )  (3 )
The s l i g h t  i n c r e a s e  i n  t h e  s e c o n d - o rd e r  r a t e  c o n s t a n t s  
w i th  i n c r e a s i n g  i o d id e  io n  c o n c e n t r a t i o n  i s  due t o  an I n c r e a s e
3
i n  t h e  i o n i c  s t r e n g t h  o f  t h e  r e a c t i o n  s o l u t i o n .  A llenm ark
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7has found  th e  r e a c t i o n  t o  have a  p o s i t i v e  s a l t  e f f e c t ,  A 
p l o t  o f  A l le n m a rk 's  f i r s t - o r d e r  r a t e  c o n s t a n t s  ( z e r o - o r d e r  
i n  io d id e  and f i r s t - o r d e r  i n  s u l f o x i d e  i n  2.0M p e r c h l o r i c  
a c id )  v e r s u s  th e  s e c o n d - o r d e r  r a t e  c o n s t a n t s  l i s t e d  i n  
T ab le  3 ( f i r s t - o r d e r  i n  io d id e  and f i r s t - o r d e r  i n  s u l f o x id e  
i n  4.0M p e r c h l o r i c  a c i d )  gave a s t r a i g h t  l i n e  a s  shown i n  
F ig u r e  3* The s im p le s t  e x p la n a t io n  o f  th e  p a r a l l e l i s m  i s  
t h a t  b o th  r e a c t i o n s  a r e  i n f lu e n c e d  by th e  i o n i c  s t r e n g t h  i n  
th e  same manner and t h a t  th e  r e a o t i o n s  a r e  o f  th e  o r d e r  i n  
io d id e  c o n c e n t r a t i o n  as  s t a t e d ;  z e r o - o r d e r  f o r  A lle n m ark ’ s 
r e a c t i o n  and f i r s t - o r d e r  f o r  t h i s  r e a c t i o n .  A p l o t  o f  A l le n ­
mark ' s  f i r s t - o r d e r  r a t e  o o n s ta n t s  v e r s u s  o u r  f i r s t - o r d e r  con­
s t a n t s  gave a cu rv ed  l i n e .
E. Dependence o f  r a t e  on p ro d u c ts
S e v e ra l  ru n s  w ere  c a r r i e d  o u t  u s in g .p h e n y l  m e thy l 
s u l f o x id e  w i th  t h e  hyd ro g en  io n  c o n c e n t r a t i o n  a t  4.0M and 
io d id e  io n  c o n c e n t r a t i o n  a t  0.20M. S u l f i d e  and io d in e  w ere 
added to  th e  k i n e t i c  s o l u t i o n s  i n  o r d e r  to  d e te rm in e  th e  
e f f e c t  o f  th e  p r o d u c ts  form ed on th e  r a t e  o f  th e  r e a c t i o n .  
T ab le  4 i n d i c a t e s  t h a t  t h e  p ro d u o ts  form ed i n  th e  r e a c t i o n  
have no e f f e c t  on th e  r a t e  o f  th e  r e a o t i o n .
T ab le  4
The E f f e c t  o f  P ro d u c ts  on R e a c t i v i t y  
TLZ x 10~5 .M S u l f i d e  x 10~5 .M 105k . s e o  ."1
2 .5    22 .62
4 . 0  2 2 .83
0 0 22 .35
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9I I .  E f f e c t s  o f  S t r u c t u r e  on R e a c t i v i t y
A. S t e r i c  E f f e c t s
The r e d u c t i o n  was c a r r i e d  o u t  on s e v e r a l  p h en y l  a l k y l  
s u l f o x i d e s  i n  w h ich  th e  a l k y l  g roups  w ere m e th y l ,  e t h y l ,  
i s o p r o p y l  and & - b u ty l .  R ate  s t u d i e s  w ere a l s o  c a r r i e d  o u t  
on c i s -  and t r g n s - 4 - ( 4 - c h l o r o p h e n y l ) - t h i a n e - l - o x i d e . The 
e f f e c t  o f i n c r e a s i n g  th e  s t e r i c  b u lk  a b o u t  th e  s u l f o x id e  
f u n c t i o n  i s  shown i n  T ab le  5*
The r e s u l t s  i n d i c a t e  t h a t  a s  th e  s t e r i c  b u lk  i n c r e a s e s ,
th e  r a t e  o f  th e  r e a c t i o n  d e c r e a s e s .  A llenm ark  and L a n d in i  
a l s o  o b se rv e d  a  d e c r e a s e  i n  r a t e  w i th  i n c r e a s i n g  s t e r i c  b u lk .  
In  t h e  c a se  o f  t h e  o i s -  and t r a n s - 4 - ( 4 - c h lo r o p h e n y l ) - t h l a n e -  
1 - o x id e ,  th e  t r a n s  is o m e r  i s  red u ced  a p p ro x im a te ly  24 t im es  
f a s t e r  th a n  th e  c i s  i s o m e r .  T h is  r e s u l t  i s  o p p o s i t e  to  what
T ab le  5




- o h (o h 5 ) 2
- o ( o h 3 ) 5
22 .35
1 3 .7 1  
0 .4 5 6 0  
- 1 0 "  2
T h la n e -1 -o x id e
t r a n s -
c i s 4 .4 3
103
6 4
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would be e x p e c te d .  A p o s s i b l e  r e a s o n  f o r  th e  r e s u l t s  ob­
t a i n e d  w i l l  be p r e s e n te d  3 ,a te r  i n  t h i s  t h e s i s .
B. I n d u c t iv e  and R esonance E f f e c t s
The e f f e c t  o f  m e ta -  and P a r a -  s u b s t i t u e n t s  upon th e  
r a t e  o f  r e d u c t i o n  o f  a r y l  m e thy l s u l f o x i d e s  i s  g iv e n  i n  
T ab le  6 . —
T ab le  6
The E f f e c t  o f  S u b s t i t u e n t s  on R e a c t i v i t y  
X-06 H4 300H5 l O ^ b a . - 8 0 0 - ' 1  l o 8  k o b s .  ®°
P-0H3 3 1 .6 9 -3 .4 9 9 1 -0 .1 7
m-OHj 2 5 . 6 0 -3 .5 9 1 8 -0 .0 7
p-OEjO 2 7 .4 0 -3 .5 6 2 2 - 0 .2 7
m-0H50 1 4 .9 1 -3 .8 2 6 5 +0 . 1 2
p- 0 1 1 3 .0 3 -3 .8 8 5 1 + 0 .23
m- 0 1 8 .7 3 -4 .0 5 9 0 + 0 .37
p -h ° 2 4 .9 8 -4 .3 0 2 8 +0.78
m-NOg 3 .3 7 -4 .4 7 2 4 + 0 .71
H 2 2 .3 5 -3 .6 5 0 7 0 . 0 0
A p p l i c a t i o n o f  t h e  Hammett
11
e q u a t io n r e s u l t s  i n  a
s t r a i g h t  l i n e  when lo g  k ot)S> i s  p l o t t e d  a g a i n s t  cr° c o n s t a n t s
12com piled  by M cDaniel and Brown as  i l l u s t r a t e d  i n  F ig u re  4 .  
The l i n e  o b ta in e d  has  a  P » -0 .8 9 1  and a  c o r r e l a t i o n  c o ­
e f f i c i e n t  o f  0 . 9 6 2 .
A p l o t  o f  L a n d l n i ' s  r a t e  c o n s t a n t s  v e r s u s  th e  r a t e  
c o n s t a n t s  i n  T ab le  6 f o r  each  s u b s t i t u e n t  r e s u l t e d  i n  a  f a i r l y
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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good s t r a i g h t  l i n e  as  shown i n  F ig u re  5» T h is  i n d i c a t e s  t h a t  
th e  d i f f e r e n t  s o lv e n t  sy s tem s used  i n  t h e  two s t u d i e s  do 
n o t  c a u se  a  change i n  t h e  e f f e c t s  o f  t h e  s u b s t i t u e n t s  on 
th e  r e a c t i o n .
I I I .  The Mechanism of t h e  R e a c t io n
S e v e r a l  mechanisms f o r  t h e  r e d u c t i o n  o f  s u l f o x i d e s  i n  
th e  p re s e n c e  o f  hyd ro g en  and io d id e  io n s  have b een  p ro p o se d .  
These mechanisms were d e te rm in e d  u n d e r  d i f f e r e n t  c o n d i t i o n s  
o r  on s u l f o x i d e s  o f  d i f f e r e n t  s t r u c t u r e  t h a n  th o s e  u se d  i n  
t h i s  s tu d y .
A lle n m a rk 's  s tud ies^*"^  on t h e  r e d u c t io n  o f  p - a l k y l -
s u l f i n y l c a r b o x y l i c  a c id s  i n  aqueous p e r c h l o r i c  a c id  and
sodium io d id e  y i e ld e d  th e  f o l lo w in g  i n f o r m a t i o n .  The r e -
7
a c t i o n  r a t e  was in d e p e n d e n t  o f  i o d id e  io n  c o n c e n t r a t i o n
3
and d ep en d en t upon t h e  c o n c e n t r a t i o n  o f  a c id  and s u l f o x i d e .  
The r e a c t i o n  had th e  f o l lo w in g  r a t e  e q u a t io n
r a t e  = k ( s u l f o x i d e )  (H+ ) (4)
From s t u d i e s  o f  t h e  a c t i v a t i o n  e n th a lp y  and e n tro p y
ftf o r  t h e  r e a c t i o n  and s t u d i e s  on o l s - t r a n s  I s o m e r ic  a * 0 -u n -  
s a t u r a t e d  s u l f o x i d e - a o l d s ,  t h e  h y p o th e s i s  was made t h a t  a 
f ive-m em bered  r i n g  o f  t h e  t y p e :
, < ox OH+ V _ / 'OH
e x i s t e d  as  an i n t e r m e d i a t e  i n  t h e  r e d u c t io n  i n  a c i d i c  io d id e
roduced with permission of the copyright owner. Further reproduction prohibited without permission.
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s o l u t i o n ,  and t h a t  t h e  fo rm a t io n  o f  t h i s  i n t e r m e d i a t e  i s  a
r a t e - d e t e r m i n i n g  s t e p .  The s t u d i e s  on c i s - t r a n s  i s o m e r ic
a , 0 - u n s a t u r a t e d  s u l f o x i d e - a c i d s  gave t h e  g r e a t e s t  s u p p o r t
f o r  t h e  fo rm a t io n  o f  a  c y c l i c  i n t e r m e d i a t e .  A s tu d y  o f  th e
r e d u c t io n  o f  p - h e n z y l s u l f i n y l - t r a n s - c r o t o n l c  a c id  showed t h a t
i t  was red u ce d  1 0 0  t im e s  f a s t e r  th a n  p - b e n z y l s u l f i n y l p r o p i o n i c
a c id  u n d e r  i d e n t i c a l  c o n d i t i o n s ,  w h i le  no r e a c t i o n  a t  a l l  was
d e t e c t e d  i n  t h e  c a s e  o f  B - h e n z y l s u l f i n y l - c l s - c r o t o n l o  a c i d .
In  t h e  c a se  o f  t h e  c i s  i so m e r  a  c y c l i c  i n t e r m e d i a t e  o f  t h e
ty p e  shown above i s  I n c a p a b le  o f  b e in g  fo rm ed .
A lle n m a rk ’s p l o t  o f  lo g  k v s .  -H r e s u l t e d  i n  a
s t r a i g h t  l i n e  w i th  a  s lo p e  o f  u n i ty .-*  F o llo w in g  Z ucker and 
13Hammett , t h e  a s su m p tio n  had g e n e r a l l y  been  made t h a t  
c o r r e l a t i o n  o f  r a t e  by th e  a c i d i t y  f u n c t i o n  r e q u i r e s  a 
mechanism i n  w hich  an a c id - b a s e  e q u i l i b r iu m  In v o lv in g  t h e  
s u b s t r a t e  i s  fo l lo w e d  by a  u n im o le c u la r  r a t e - d e t e r m i n i n g  s t e p  
i n  w hich  th e  c o n ju g a te  a c id  o f  t h e  s u b s t r a t e  p ro c e e d s  to  
p r o d u c t s .  T h is  mechanism i s  i l l u s t r a t e d  by e q u a t io n s  (5) 
and (6 ) .  Based upon t h i s  r e s u l t ,  i t  was
S + h+ v = S  SH+ ( e q u i l i b r i u m )  (5)
j . j*
SH ----- » p r o d u c ts  + H ( r a t e - d e t e r m i n i n g )  (6 )
assumed t h a t  t h e  f i r s t  s t e p  i n  th e  r e a c t i o n  i s  a  r a p id  pfcoton-
s u l f o x id e  e q u i l i b r i u m .  However, th e  Zucker-Hammett p o s t u l a t e
14has  been  shown t o  be I n v a l i d .
S u l fo x id e s  a r e  weak b a s e s  * ; t h e  oxygen t e r m i n a l  o f
17th e  s u l f o x i d e  f u n c t i o n  i s  c a p a b le  o f  a c c e p t in g  p r o to n s .  T h is
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i s  s u p p o r te d  by s t u d i e s  on hydrogen  bond ing  w i th  s u l f o x i d e s  
where th e  i n f r a r e d  s t r e t c h i n g  f re q u e n c y  o f  th e  s u l f o x i d e  
i s  d e c re a s e d  due to  bond ing  th ro u g h  t h e  oxygen . I f  bond ing
o c c u r re d  th ro u g h  s u l f u r ,  t h e  s t r e t c h i n g  f re q u e n c y  would be
1 ft £*i n c r e a s e d .  A llenm ark  re c o rd e d  t h e  i n f r a r e d  s t r e t c h i n g  
f r e q u e n c i e s  o f  some £ - a l k y l s u l f i n y l c a r b o x y l i c  a c id s  i n  w a te r  
and i n  2M h y d r o c h lo r i c  a c i d .  I t  was n o t i c e d  t h a t  t h e  
^ 3 = 0  a b s o r p t i o n  g e n e r a l l y  o c c u r r e d  a t  a  lo w e r  f r e q u e n c y  
f o r  th e s e  compounds t h a n  f o r  d im e th y l  s u l f o x i d e  ( n e a t ) .
U sing  t h e  p r e c e d in g  in f o r m a t i o n ,  one can  p o s t u l a t e  
t h e  f o l lo w in g  mechanism f o r  th e  r e d u c t io n  o f  g - a l k y l s u l f i n y l ­
c a r b o x y l i c  a c i d s .
9 + 9HR-S-OHgOHgOOOH + H V  R-S-OHgOHgOOOH ( e q u i l i b r i u m )  (7)
<?H + .0 .  .OH
R-S-0Hq0Ho0 0 0 H  » R-S ^ 0 '  ( r a t e - d e t e r m i n i n g )  (8 )
+■ 2 W  X)H
.0 . /OH _ I
R-Sv + I  ----- > R-S-CHoCHo000H + HO (9)
+ \  /  OH + d d
R-l-OHgOHgOOOH + I "  » R-S-OHgOHgOOOH + I g (10)
T h is  mechanism i s  i n  ag reem en t w i th  th e  g e n e r a l  
mechanism p ro p o sed  by Z ucker and Hammett f o r  a  r e a c t i o n  t h a t  
g iv e s  a c o r r e l a t i o n  o f  r a t e  by t h e  a c i d i t y  f u n c t i o n .  There i s  
no k i n e t i c  e v id en c e  b e a r i n g  on t h e  v a l i d i t y  o f  (9 ) and (1 0 ) 
w hich  have been in t r o d u c e d  t o  i n d i c a t e  a  r e a s o n a b le  p a th  
l e a d in g  t o  f i n a l  p r o d u c t s .
A llenm ark  d o es  n o t  i n d i c a t e  how t h e  c y c l i c  i n t e r m e d i a t e
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i s  form ed i n  t h e  r a t e - d e t e r m i n i n g  s t e p  o f  t h e  r e a c t i o n .  F ig ­
u r e  6  i l l u s t r a t e s  two p o s s i b l e  p a t h s  to  t h e  c y c l i c  in t e r m e d i ­
a t e .
F ig u r e  6
P o s s i b l e  p a th s  t o  A l le n m a rk 's  c y c l i c  i n t e r m e d i a t e
0 OH 0
R-b-CH2CH2C00H + H  ----- *  R-S-CH2CH2C0H
P a th  A II   %  P a th  B
8  2H A +r - S - c h 2c h 26 oh r - j ^ c - o h
, 0X ^OH t S
R -a cr
+ \ - /  S0H
P a th  B would a p p e a r  t o  be f a v o r e d  o v e r  P a th  A. The 
s i z e  o f  t h e  R- group a t t a c h e d  t o  t h e  s u l f u r  h a s  an i n h i b i t o r y  
e f f e c t  on th e  r a t e  a s  R- i s  i n c r e a s e d  i n  s i z e  a s  i n d i c a t e d  
i n  T ab le  7 .  The s i z e  o f  t h e  R- group  sh o u ld  have  v e ry  l i t t l e
T a b le  7
S t e r i c  E f f e c t  on th e  R e d u c t io n  o f  (3 - A l k y l s u l f i n y l c a r b o x y l i c
A cids
R- 1 0 ^k ,~ m in .'"1  Cjj+
ch 3 ch 2ch 2-  1 0 . 6  1 . 0 0
(cH3 ) 2c h -  3 .5  1 .5 0
(CH3 ) 3C- ~1C T 2  2 .0 0
e f f e c t  on t h e  r a t e  o f  t h e  fo rm atiom  o f  t h e  c y c l i c  i n t e r m e d ia t e  
i f  P a th  A i s  f o l lo w e d .  A ls o ,  t h e  g r e a t e r  b a s i c i t y  o f  th e  
s u l f o x i d e  oxygen com pared t o  t h e  c a rb o n y l  oxygen would f a v o r  
p r o t o n a t i o n  o f  t h e  s u l f o x i d e  oxygen f i r s t .
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S u b s t i t u t i n g  two m e th y l  g ro u p s  f o r  t h e  two /3-hydro­
gens  on th e  s u l f i n y l  c a r b o x y l l c  a c i d  w here R- i s  g - p r o p y l  
i n c r e a s e s  t h e  r e a c t i o n  r a t e  from  1 0 * 6  x  1 0 “ ^ min.""L t o  25*8  
x 1 0 “ 3 min«“ ^ .  T h is  r a t e  enhancem ent c o u ld  p o s s i b l y  be due 
t o  i n d u c t i v e  s t a b i l i z a t i o n  o f  t h e  p o s i t i v e  s u l f u r  by th e  
added m e th y l  g ro u p s  on th e  a d j a c e n t  carbon*
Any a t t e m p t  to  e x p l a in  t h e  o b se rv e d  r a t e  i n c r e a s e  
b a se d  on t h e  p o s s i b i l i t y  t h a t  t h e  a d d i t i o n  o f  t h e  m e thy l 
g ro u p s  r e s u l t s  i n  a c o n fo rm a t io n  w hich p l a c e s  t h e  c a rb o x y l  
group  i n  a more f a v o r a b l e  p o s i t i o n  f o r  a t t a c k  on t h e  p o s i t i v e  
s u l f u r  would be u n r e a s o n a b le  a t  t h e  p r e s e n t  tim e* The r o l e  o f  
lo n e  e l e c t r o n  p a i r s  on s u l f u r  i n  c o n f o r m a t io n a l  a n a l y s i s  i s  
n o t  r e a l l y  u n d e r s to o d ,  and M is lo w ^  h a s  p o in te d  o u t  t h a t  
“c o n f o r m a t io n a l  r u l e s  e m p e r i c a l ly  d e r iv e d  from  one ty p e  o f  
sy stem  may n o t  be  l e g i t i m a t e l y  e x t r a p o l a t e d  and t r a n s f e r r e d  
t o  a n o t h e r " .
b a se d  upon th e  i n f o r m a t i o n  a v a i l a b l e  a t  t h e  p r e s e n t  
t im e ,  t h e  i n t e r p r e t a t i o n  o f  t h e  r a t e  i n c r e a s e  due to  th e  
added  Q-m e th y l  g ro u p s  i s  s p e c u l a t i v e  and le n d s  no s u p p o r t  to  
t h e  a s su m p tio n  t h a t  t h e  p a r t i a l l y  n e g a t i v e  c a rb o n y l  oxygen 
o f  th e  c a rb o x y l  g roup  a t t a c k s  t h e  p o s i t i v e  s u l f u r  atom w i th  
t h e  d is p la c e m e n t  o f  a h y d ro x y l  group  from  th e  s u l f u r  a tom .
The a b s e n c e  o f  d i r e c t  i o d id e  io n  a t t a c k  on th e  p ro ­
to n a t e d  s u l f o x i d e  s p e c i e s  i n s t e a d  o f  f o r m a t io n  o f  th e  c y c l i c  
i n t e r m e d i a t e  i n  A l le n m a rk 's  work can  be a t t r i b u t e d  t o  t h e  low 
a c i d  c o n c e n t r a t i o n s  u s e d  t o  s tu d y  t h e  r e d u c t io n s *  A l l  h i s
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s t u d i e s  were c a r r i e d  o u t  a t  a c i d  c o n c e n t r a t i o n s  o f  2.0M o r  
lo w e r .  Under t h e s e  c o n d i t i o n s ,  t h e  f o r m a t i o n  o f  t h e  c y c l i c  
i n t e r m e d i a t e  a p p e a r s  t o  be f a v o r e d  o v e r  d i r e c t  i o d i d e  io n  
a t t a c k  on t h e  p r o t o n a t e d  s p e c i e s .
a l k y l  and s u b s t i t u t e d  ph en y l  m e thy l  s u l f o x i d e s  i n  aqueous 
a c e t i c  a c id  c o n t a i n i n g  h y d r i o d i c  a c id  and o b ta i n e d  t h e  f o l l o w ­
i n g  i n f o r m a t i o n .  The r e a c t i o n  i s  f i r s t - o r d e r  i n  s u l f o x i d e ,  
s e c o n d - o r d e r  i n  h y d r i o d i c  a c i d ,  and a c id  c a t a l y z e d .  The 
r e a c t i o n  has  t h e  f o l l o w i n g  r a t e  e q u a t i o n
P s e u d o - f i r s t - o r d e r  r a t e  c o n s t a n t s  o f  t h e  r e d u c t i o n  o f  m e ta -  
and n a r a - s u b s t i t u t e d  p h en y l  m e thy l  s u l f o x i d e s  f i t  t h e  Hammett
pheny l  m e th y l ,  e t h y l ,  i s o p r o p y l ,  and i - b u t y l  s u l f o x i d e s  i n ­
d i c a t e  t h a t  t h e  r a t e  d e c r e a s e s  by i n c r e a s i n g  t h e  s i z e  o f  t h e  
a l k y l  g ro u p .
On t h e  b a s i s  o f  t h e  k i n e t i c  and s t e r e o c h e m i c a l  d a t a  
t h e  f o l l o w i n g  r e a c t i o n  mechanism was p ro p o s e d ;
l a n d i n i  and c o -w o rk e r s ^  s t u d i e d  t h e  r e d u c t i o n  o f  a r y l
r a t e  = k ( s u l f o x i d e )  (HI)^ (11)
e q u a t i o n 11 g iv i n g  a  f  *  -0 .931*  S t u d i e s  on t h e  r e d u c t i o n  o f
0 , OH
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9HR-S-R' + I " £
I
1U
( r a t e - d e t e r m i n i n g )  (14)
R-S-R1 + I  + HgO
The s lo w e s t  s t e p  (14) c o n s i s t s  o f  an e l e c t r o n  t r a n s ­
f e r  f rom  th e  i o d i n e  t o  t h e  s u l f u r  promoted by a  second i o d i n e  
i o n  and an Sn2 ty p e  d i s p l a c e m e n t  o f  t h e  -OH g ro u p .  A ccord ing
l o s s  of  t h e  -OH group  p r e c e d e s  t h e  t r a n s f e r  o f  e l e c t r o n s  f rom  
t h e  i o d i n e  t o  s u l f u r .  However, t h e y  c o m p le t e ly  n e g l e c t  t h e  
e f f e c t  o f  t h e  s u b s t i t u e n t s  on t h e  b a s i c i t y  of  t h e  s u l f o x i d e s . 
The e q u i l i b r i u m  c o n s t a n t  f o r  t h e  p r o t o n a t i o n  r e a c t i o n  would 
depend on th e  s u b s t i t u e n t s .  I t  has  been  shown t h a t  t h e  a p ­
p a r e n t  pK a 's  o f  a s e r i e s  o f  m eta-  and p a r a - s u b s t i t u t e d  ph en y l  
m ethy l  s u l f o x i d e s  g iv e  a good Hammett p l o t  w i t h  a p o s i t i v e
TE
s lo p e  as  shown i n  P ig u r e  7* T h is  means t h a t  a  n e g a t i v e  
v a lu e  i s  to  be e x p e c te d  i n  t h e  i o d i d e  r e d u c t i o n  r e a c t i o n ,  
i f  t h e  e f f e c t  o f  t h e  s u b s t i t u e n t  i s  s im p ly  t o  i n c r e a s e  o r  
d e c r e a s e  t h e  c o n c e n t r a t i o n  o f  t h e  p r o t o n a t e d  s u l f o x i d e  a v a i l ­
a b l e  f o r  r e a o t i o n  w i t h  i o d i d e  i o n .  Based upon t h i s  i n f o r ­
m a t io n ,  L an d ln i  and c o -w o rk e rs  c a n n o t  use  t h e  n e g a t i v e  s i g n  
of  f  as  an I n d i c a t i o n  o f  t h e  s u b s t i t u e n t  e f f e c t s  on th e  l o s s  
o f  t h e  -OH i n  t h e  t r a n s i t i o n  s t a t e .  I n  o r d e r  t o  do t h i s ,  i t  
would have t o  be shown t h a t  u n d e r  t h e  c o n d i t i o n s  u s e d ,  t h e  
s u l f o x i d e s  were i n  a  c o m p le t e ly  p r o t o n a t e d  s t a t e .  T h is  would 
e l i m i n a t e  t h e  f i r s t  s t e p  as  an e q u i l i b r i u m  and n u l l i f y  t h e
to  t h e  a u t h o r s ,  t h e  n e g a t i v e  s i g n  o f  f  i n d i c a t e s  t h a t  t h e
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s u b s t i t u e n t  e f f e c t s  on t h e  c o n c e n t r a t i o n  o f  t h e  p r o t o n a t e d  
s p e c i e s .
L an d in i  d e t e r m in e d  t h e  s e c o n d - o r d e r  dependence  on 
HI by k eep in g  t h e  s u l f o x i d e  i n  ex c e s s  and o b s e rv in g  t h a t  
t h e  r e a c t i o n  f i t  a s e c o n d - o r d e r  r a t e  e x p r e s s i o n .  Under t h e  
c o n d i t i o n s  u s e d ,  t h e  HI i s  c o m p le te ly  d i s s o c i a t e d  i n t o  H* 
i o n s  and I "  i o n s  which  a r e  most l i k e l y  a c t i n g  I n d e p e n d e n t ly  
and n o t  as  a  s i n g l e  m o le cu le  of  H I .  T h e r e f o r e ,  i n  a d d in g  a  
s p e c i f i c  c o n c e n t r a t i o n  o f  HI, t h e  s o l u t i o n  c o n t a i n e d  e q u a l  
c o n c e n t r a t i o n s  of  H+ and I ” i o n s .  Thus, t h e  s e c o n d - o r d e r  
dependence on HI can  be e x p re s s e d  by t h e  f o l l o w i n g  r a t e  
e x p r e s s io n
r a t e  « k (H+ ) ( I " )  (15)
4*
L a n d in i ,  however,  d id  n o t  v a ry  t h e  H c o n c e n t r a t i o n  
o r  t h e  I ” c o n c e n t r a t i o n  i n  o r d e r  t o  d e te rm in e  i f  t h e  r e a c t i o n  
was dep en d en t  upon e i t h e r  o r  b o th  o f  t h e s e  i o n s . Allenmark^ 
o b se rv e d  t h e  l a c k  o f  t h e  dependence o f  t h e  r a t e  upon I~  io n  
c o n c e n t r a t i o n .  I f  t h e  r e a c t i o n  were i n d e p e n d e n t  o f  I ” , t h e  
s e c o n d - o r d e r  r a t e  e x p r e s s i o n  co u ld  mean t h a t  t h e  r e a o t i o n  i s
+ Rs e c o n d - o r d e r  w i t h  r e s p e c t  t o  H io n  a s  o b se rv e d  by K ru e g e r .
The k i n e t i c  d a t a  o b t a in e d  by L an d in i  and co -w o rk e rs  
does  n o t  p ro v id e  enough e v id en ce  t o  s u p p o r t  t h e  mechanism 
proposed  which  a p p e a r s  t o  be an a t t e m p t  a t  a  lu c k y  guess  by 
th e  a u t h o r s .
Krueger^  s t u d i e d  t h e  r e d u o t l o n  of  d i m e t h y l  s u l f o x i d e . 
The s u l f o x i d e  was u se d  as  t h e  s o l v e n t  and aqueous p e r c h l o r i c  
a c id  and sodium i o d i d e  were added .  His s tu d y  y i e l d e d  th e
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f o l l o w i n g  i n f o r m a t i o n .  The r e a c t i o n  i s  f i r s t - o r d e r  i n  i o d i d e  
Ion  and s e c o n d - o r d e r  i n  hyd rogen  i o n .  S ince  s u l f o x i d e  was 
i n  e x c e s s ,  t h e  r e a c t i o n  was found t o  f i t  t h e  f o l l o w i n g  r a t e  
e q u a t i o n
r a t e  = k (H+ )2 ( I  ) (16)
The r e a c t i o n  was a l s o  c a t a l y z e d  by c h l o r i d e  i o n ,  bromide io n  
and t h i o u r e a .
Based upon t h e  above i n f o r m a t i o n ,  t h e  f o l l o w i n g  
mechanism was p ro p o sed  f o r  t h e  u n c a t a l y z e d  r e a c t i o n .
(CH3 ) 2S0 + H+ ^  (0H3 ) 2S0H+ ( e q u i l i b r i u m )  (17)
(0H3 ) 2S0H+ + H+^ ( 0 H 5 ) 2S0h| + ( e q u i l i b r i u m )  (18)
(OEL) S0H2+ + I —>(0E*)pSI+ + H O ( r a t e -  (19)
'  d 2 * d e t e r m i n i n g )
(oh3 ) 2s i + + + Xg (20)
I „  + x V = » I "  (21)2 3
I n  t h i s  mechanism t h e  r a t e - d e t e r m i n i n g  s t e p  i s  t h e  
i o d i d e  i o n  d i s p l a c e m e n t  o f  a  w a t e r  m olecu le  f rom t h e  p o s i t i v e  
s u l f u r  c e n t e r .  There  i s  no k i n e t i c  ev id en o e  b e a r i n g  on 
e q u a t i o n s  (20) and ( 2 1 ) .  They a r e  I n t r o d u c e d  t o  i n d i c a t e  a 
r e a s o n a b l e  p a t h  l e a d i n g  t o  t h e  f i n a l  p r o d u c t s .  I t  i s  p o i n t e d  
ou t  t h a t  t h e  a t t a c k  c o u ld  o c c u r  a t  oxygen, as  w e l l  as  a t  s u l ­
f u r ,  so t h a t  t h e  r a t e - d e t e r m i n i n g  s t e p  would become
I~  + (0H3 ) 2S0H2+---- » (OH3 ) gS + HgOI+ (22)
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In  t h e  c a s e  o f  c a t a l y s i s  by c h l o r i d e  i o n ,  bromide 
io n  and t h i o u r e a ,  t h e  c a t a l y t i c  pathway o c c u r s  s i m u l t a n e o u s l y  
w i t h  t h e  d i r e c t  i o d i d e  s t e p .  The a u t h o r s  g e n e r a l i z e  (19) 
f o r  any n u c l e o p h i l e .
M21" + (OH^gSOH2  > (0H3 ) 2SN2“n + EQ0 (23)
The c a t a l y t i o  e f f e c t  o f  t h e  h a l i d e  io n s  i s  a t t r i b u t e d  to  a  
change i n  t h e  n u c l e o p h i l i c i t y  o f  t h e  C l " ,  Br and I "  i o n s  
i n  t h e  d im e th y l  s u l f o x i d e  s o l v e n t .
The s tu d y  o f  t h e  r e d u c t i o n  of  a r y l  a l k y l  and s u b s t i t u t e d  
pheny l  m ethyl  s u l f o x i d e  i n  aqueous  p e r c h l o r i c  a c i d  and sodium 
i o d i d e  p r e s e n t e d  i n  t h i s  t h e s i s  p roduced  t h e  f o l l o w i n g  i n f o r ­
m a t io n .  The r e d u c t i o n  showed f i r s t - o r d e r  dependence  on i o d i d e  
i o n ,  f i r s t - o r d e r  dependence  on s u l f o x i d e ,  and i s  a c i d  c a t ­
a l y z e d .  Under e x c e s s  a c i d  c o n d i t i o n s  t h e  r e a c t i o n  f i t s  t h e  
f o l l o w i n g  r a t e  e q u a t i o n
r a t e  = k ( s u l f  o x i d e ) (I**) (24)
A p l o t  o f  lo g  v s  • “ H0 r e s u l t e d  i n  a s t r a i g h t
l i n e  w i th  a s lo p e  o f  1 .8 2  as  shown i n  F i g u r e  8 .  T h is  l a r g e  
v a lu e  f o r  t h e  s lo p e  i n d i c a t e s  t h a t  t h e  r e a c t i o n  does  n o t  a p p e a r  
t o  f o l lo w  t h e  g e n e r a l  mechanism p roposed  by Zucker  and Hammett 
f o r  r e a c t i o n s  g i v i n g  a  c o r r e l a t i o n  o f  r a t e  w i t h  t h e  a c i d i t y  
f u n c t i o n .  F o r  r e a c t i o n s  known to  g iv e  a  s lo p e  o f  2 o r  c l o s e  
t o  2, mechanisms have been p roposed  which i n d i c a t e  t h e  f o r ­
m a t ion  of a  d i p r o t o n a t e d  s p e c i e s .20*21 ,22  s u p p o r t  f o r  t h e  
f o rm a t io n  o f  a  d i p r o t o n a t e d  s p e c i e s  i n  t h e  r e d u c t i o n  o f  t h e
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axyl a l k y l  and. s u b s t i t u t e d  pheny l  m e th y l  s u l f o x i d e s  s t u d i e d
5
i n  t h i s  work i s  found  i n  t h e  work o f  K ru e g e r .  His s tu d y  
may be r a t i o n a l i z e d  i n  te rm s  o f  a  d i p r o t o n a t e d  s u l f o x i d e  
s p e c i e s .  Assuming d i p r o t o n a t i o n  o c c u r s , i f  i t  were p o s s i b l e  
t o  c a r r y  o u t  t h e  s t u d i e s  p r e s e n t e d  i n  t h i s  t h e s i s  u n d e r  con ­
d i t i o n s  i n  w hich  t h e  a c i d  c o n c e n t r a t i o n  was n o t  i n  e x c e s s ,  
t h e  r e a c t i o n  would most l i k e l y  show s e c o n d - o r d e r  dependence  
on hydrogen  i o n  and f i t  t h e  f o l l o w i n g  o v e r a l l  r a t e  e q u a t i o n
r a t e  ~ k ( s u l f o x i d e ) ( l “ )(H+ ) 2 (25)
The r e a c t i o n  i s  v e r y  s e n s i t i v e  t o  s t e r i c  e f f e c t s .
Rate  s t u d i e s  on p h e n y l  m e th y l ,  e t h y l ,  i s o p r o p y l ,  and t - b u t y l  
s u l f o x i d e s  show t h a t  i n c r e a s i n g  t h e  s t e r i c  b u lk  of  t h e  a l k y l  
g roup d e c r e a s e s  t h e  r a t e  o f  t h e  r e a c t i o n .  T h is  i s  what would 
be ex p e c te d  i f  t h e  a t t a c k  o f  i o d i d e  i o n  i s  on s u l f u r  i n  a  
manner s i m i l a r  t o  an Sn 2 ty p e  s u b s t i t u t i o n  on c a rb o n .  I t  
i s  assumed t h a t  t h i s  i s  t h e  main e f f e c t  o f  t h e  i n c r e a s i n g  
s i z e  of  t h e  a l k y l  g r o u p .  However, o t h e r  f a c t o r s  can  be i n ­
v o lv ed  i n  c a u s in g  t h e  r a t e  d e c r e a s e  o b s e r v e d .  These w i l l  be 
d i s c u s s e d  l a t e r .
P s e u d o - f i r s t - o r d e r  r a t e  c o n s t a n t s  o f  t h e  r e d u c t i o n  of  
m eta-  and p a r a -  s u b s t i t u t e d  p heny l  m e thy l  s u l f o x i d e s  f i t  t h e  
Hammett e q u a t i o n  g i v i n g  a  f -  - 0 . 8 9  a s  i l l u s t r a t e d  i n  F ig u r e  4 .  
The n e g a t i v e  s i g n  o f  f  i n d i c a t e s  t h a t  t h e  r e a c t i o n  i s  d e ­
c r e a s e d  by e l e c t r o n  w i th d raw in g  s u b s t i t u e n t s .  These sub ­
s t i t u e n t  e f f e c t s  a r e  i n  agreem ent  w i t h  t h o s e  obse rv e d  by 
4
L a n d i n i .
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Based upon t h e  r e s u l t s  o b t a i n e d  and t h e  mechanisms 
p roposed  i n  p r e v i o u s  s t u d i e s ,  a  p o s s i b l e  mechanism d e s c r i b i n g  
th e  r e d u c t i o n  o f  t h e  s u l f o x i d e s  i n  t h i s  s tu d y  i s  t h e  f o l l o w i n g :
0 OH
R-S-R' + ET R -J -R '  ( e q u i l i b r i u m )  ( 2 6 )
OH . +H<?H
R - | - R '  + H 5 = ^  R-ijj-R1 ( e q u i l i b r i u m )  (27)
+HOH I
R-S-R1 + I "  » R-&-R' + H-0 ( r a t e - d e t e r m i n i n g )  (28)+ + 2
J
R-S-R' + I ” — 4  R-S-R1 + X2 (29)
The r a t e - d e t e r m i n i n g  s t e p  can be t h e  d i s p l a c e m e n t  of  
a  w a t e r  m o lecu le  s i m i l a r  t o  t h e  mechanism p roposed  by K rueger .  
An a l t e r n a t i v e  p o s s i b i l i t y  f o r  t h e  r a t e - d e t e r m i n i n g  s t e p  i s  
t h a t  (27) and (2 8 ) o c c u r  s i m u l t a n e o u s l y  i n  a  c o n c e r t e d  




R-S-R1 k r  ) R-S-R* +■ 2H 0 (30)
I (C
~ i  1
Based upon t h e  i n f o r m a t i o n  a v a i l a b l e ,  t h e  f o l l o w i n g  
. r a t e  law can be p o s t u l a t e d  f o r  t h e  r a t e - d e t e r m i n i n g  s t e p  o f  
t h e  mechanism:
9H 4-r a t e  *■ kp ( R - J -R 1) (I*") ( E y T )  (31)
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The c o n c e n t r a t i o n  o f  t h e  p r o t o n a t e d  s u l f o x i d e  s p e c i e s  can 
be d e te rm in e d  from  t h e  f o l l o w i n g  e q u i l i b r i u m :
OH Ka Q ,
H20 + R - | - R ’ v  R-S-R’ + H^O (32)
OH (H,0+ ) ( R - 1 - R ' )
(R-S-R’ ) = _ £ _____________  (33)
+  Ka
S u b s t i t u t i n g  i n t o  e q u a t i o n  (31) r e s u l t s  i n  t h e  f o l l o w i n g  
r a t e  e x p r e s s i o n :
k
r  0
r a t e  ~ ---- -- ( R - S - R ' ) ( O  (H_0+ ) 2 (34)
K 3a
Assuming t h a t  t h e  f i r s t  s t e p  of  t h e  r e a c t i o n  i s  t h e  
o n ly  e q u i l i b r i u m  and t h a t  t h e  r a t e - d e t e r m i n i n g  s t e p  i s  a 
c o n c e r t e d  one a s  shown i n  (3 0 ) ,  t h e  r a t e  c o n s t a n t  f o r  t h e  
r a t e - d e t e r m i n i n g  s t e p  u n d e r  p s e u d o - f i r s t - o r d e r  c o n d i t i o n s  
would be:
k , K
k r  = 0 a___  (35)
( I ‘ ) (H ,0 + )2
3
S ince  t h e  s e r i e s  o f  m eta-  and p a r a - s u b s t i t u t e d  s u l ­
f o x i d e s  was c a r r i e d  o u t  u n d e r  p s e u d o - f i r s t - o r d e r  c o n d i t i o n s  
w i t h  t h e  c o n c e n t r a t i o n  of  i o d i d e  i o n  and hyd rogen  io n  h e ld  
c o n s t a n t ,  t h e  ( I " )  and (H^O*) te rm s  can  be n e g l e c t e d  f o r  t h e
s tu d y  o f  t h e  e f f e c t  o f  s u b s t i t u e n t s  on t h e  r a t e - d e t e r m i n i n g
s t e p  o f  t h e  r e a c t i o n .  T h is  r e s u l t s  i n  t h e  f o l l o w i n g  e q u a t i o n :
k = k ,  K (30)r  o b s . a
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Taking th e  l o g  o f  (36) g i v e s  t h e  f o l l o w i n g  e q u a t i o n :
log  kr = log  kobs + log Ka (37)
Using t h e  a p p a r e n t  pK v a l u e s  d e te rm in e d  f o r  t h e  s e r i e s8t
15o f  m e ta -  and p a r a - s u b s t i t u t e d  pheny l  m e thy l  s u l f o x i d e s  u sed  
i n  t h i s  s t u d y ,  a  p l o t  o f  l o g  k v e r s u s  d °  r e s u l t e d  i n  a good 
s t r a i g h t  l i n e  w i t h  f  =- +2 .82  a s  shown i n  F ig u r e  9* T h is  p l o t  
sh o u ld  i n d i c a t e  o n ly  t h e  e f f e c t  o f  s u b s t i t u e n t s  upon th e  
t r a n s i t i o n  s t a t e ,  b ec au se  t h e  s u b s t i t u e n t  e f f e c t s  upon t h e  
p r i o r  e q u i l i b r i u m  s t e p  have been  acco u n ted  f o r  i n  K_ .ct
I n  p r i n c i p l e ,  t h e  r a t e  changes  b ro u g h t  ab o u t  by
d i f f e r e n t  s u b s t i t u e n t s  sh o u ld  a l low  an I n f e r e n c e  c o n c e rn in g
th e  changes  i n  ch a rg e  d e n s i t y  a t  t h e  r e a c t i n g  c e n t e r .  How-r
e v e r ,  b e f o r e  d i s c u s s i n g  t h e  s i g n i f i c a n c e  o f  t h e  s i g n  of  t h e  f
o b ta i n e d  i n  t h e  p l o t  o f  l o g  k v e r s u s  d ° ,  i t  must be remem-r
b e red  t h a t  t h e  pK ’ s used  a r e  o n ly  a p p a r e n t  v a l u e s .  Theycl
were d e te rm in ed  i n  an a c e t i c  a c id  and a c e t i c  an h y d r id e  mix­
t u r e  as  s o l v e n t  w h i l e  t h e  r e d u c t i o n  r e a c t i o n s  were  s t u d i e d  
u s i n g  w a t e r  a s  t h e  s o l v e n t .  T h e r e f o r e ,  any i n t e r p r e t a t i o n  o f  
t h e  d a t a  o b t a in e d  u s i n g  t h e s e  v a l u e s  must be c o n s i d e r e d  s p e c ­
u l a t i v e  .
I f  i t  i s  assumed t h a t  t h e  pK v a l u e s  used  a r e  p r o -a
p o r t i o n a l  t o  t h o s e  f o r  t h e  s u l f o x i d e s  i n  t h e  s o l v e n t  used  
f o r  s t u d y i n g  th e  r e a c t i o n ,  t h e  p o s i t i v e  s i g n  o f  f  i n d i c a t e s  
t h a t  th e  amount o f  p o s i t i v e  c h a rg e  on t h e  r e a c t i o n  c e n t e r  i s  
l e s s  i n  t h e  t r a n s i t i o n  s t a t e  t h a n  i n  t h e  ground s t a t e .  Thus, 
i n d u c t i v e l y  e l e c t r o n - d o n a t i n g  g roups  w i l l  c au se  a  d e c r e a s e  i n  
r a t e *  The p o s i t i v e  f  i s  r e a s o n a b le  f o r  t h e  mechanism p o s t u l a t e d
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F igu re 9
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i n  t h i s  s t u d y . I n  t h e  r a t e - d e t e r m i n i n g  s t e p  t h e  r e a c t a n t  
m o lecu le  i s  g o in g  from  a  s p e c i e s  w h ich  has  a  f u l l  p o s i t i v e  
c h a rg e  on s u l f u r  i n  t h e  ground s t a t e  t o  a t r a n s i t i o n  s t a t e  
i n  w h ich  t h e  s u l f u r  assumes a  p a r t i a l  p o s i t i v e  ch a rg e  w i t h  
t h e  ap p ro ac h  o f  an I ” i o n .
The c . 'ange  i n  t h e  s i g n  o f  f  f rom  n e g a t i v e  f o r  t h e  p l o t  
o f  lo g  ko t s  # t o  p o s i t i v e  f o r  t h e  p l o t  o f  l o g  k r  would i n d i ­
c a t e  t h a t  t h e  s u b s t i t u e n t  e f f e c t s  a r e  o p e r a t i n g  on t h e  r e ­
a c t i o n  i n  two d i s t i n c t  ways.  I n  t h e  e q u i l i b r i u m  s t e p  e l e c t r o n -  
d o n a t i n g  s u b s t i t u e n t s  i n c r e a s e  t h e  b a s l t y  o f  t h e  s u l f o x i d e  
r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  h i g h e r  c o n c e n t r a t i o n s  o f  t h e  
p r o t o n a t e d  s u l f o x i d e  s p e c i e s  upon which  th e  r a t e  o f  t h e  r e ­
a c t i o n  i s  d e p e n d e n t .  T h is  i n c r e a s e d  b a s i c i t y  r e s u l t s  i n  an 
I n c r e a s e  i n  t h e  r a t e  o f  t h e  r e a c t i o n .  At t h e  same t im e ,  
however,  e l e c t r o n - d o n a t i n g  s u b s t i t u e n t s  sh o u ld  d e c r e a s e  t h e  
r e a c t i o n  r a t e  due t o  t h e i r  e f f e c t s  on t h e  r e a c t i v e  c e n t e r  i n  
t h e  t r a n s i t i o n  s t a t e .  Based upon t h e  r e s u l t s  i t  would a p p e a r  
t h a t  t h e  i n c r e a s e  i n  r a t e  due t o  s u b s t i t u e n t  e f f e c t s  on t h e  
f i r s t  e q u i l i b r i u m  s t e p  i s  g r e a t e r  t h a n  t h e  d e c r e a s e  i n  r a t e  
e x p e c te d  f rom s u b s t i t u e n t  e f f e c t s  on t h e  t r a n s i t i o n  s t a t e .
I f  t h e  p r e c e d i n g  i n t e r p r e t a t i o n  of  t h e  d a t a  o b t a in e d  
i s  v a l i d ,  t h e  p o s i t i v e  s i g n  o f  -f f o r  t h e  p l o t  o f  lo g  k v e r s u sJL
0° s u p p o r t s  t h e  i d e a  t h a t  t h e  i o d i d e  i o n  a t t a c k s  t h e  p o s i t i v e  
s u l f u r  w i t h  t h e  s im u l t a n e o u s  d i s p l a c e m e n t  o f  a l e a v i n g  g ro u p .
As p o in t e d  o u t  p r e v i o u s l y ,  i n c r e a s i n g  t h e  s i z e  o f  t h e  
a l k y l  g roup  o f  t h e  pheny l  a l k y l  s u l f o x i d e s  caused  a  d e c r e a s e  
i n  t h e  r a t e  which  i s  assumed t o  be due m ain ly  t o  s t e r i c  e f f e c t s  
on t h e  ap p roach  o f  i ” t o  t h e  s u l f u r  i n  t h e  r a t e - d e t e r m i n i n g
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s t e p  o f  t h e  r e a c t i o n .
Prom t h e  o b s e rv e d  r a t e  c o n s t a n t s ,  t h e  f o l l o w i n g  r e l a t i v e
r a t e s  were  o b t a i n e d :  Me(lOO), E t ( 6 0 ) ,  i - P r ( 2 . 0 ) ,  t . - B u t ( 0 . 0 4 ) .
These r e l a t i v e  r a t e s  a r e  v e r y  s i m i l a r  t o  t h o s e  o b se rv e d  by
L a n d i n i : ^  Me(100), B t ( 8 l ) ,  i - P r ( 1 . 8 ) ,  t - B u t  ( 0 . 0 7 ) .  Based upon
46
t h e  r e l a t i v e  r a t e s  o b s e rv e d  f o r  Sn2 s u b s t i t u t i o n  on s u l f u r ,
Me(100) ,  I t ( 5 0 ) ,  i - P r ( 0 . 7 ) ,  t - B u ( 0 . 0 0 0 6 ) ,  t h e  d i f f e r e n c e  be tw een  
t h e  i s o p r o p y l  and t h e  & -b u ty l  g ro u p s  o b se rv e d  i n  t h i s  s tu d y  i s  
s m a l l e r  t h a n  would be e x p e c te d  i f  t h e  mechanism f o r  t h e  r e d u c t i o n  
r e a c t i o n  i s  a l s o  Sn2 s u b s t i t u t i o n  on s u l f u r .  The r e a s o n  f o r  
t h i s  s m a l l  change can  be e x p l a i n e d  i n  two w a y s .
The f i r s t  e x p l a n a t i o n  depends  upon what  e f f e c t  i n c r e a s ­
in g  t h e  s i z e  o f  t h e  a l k y l  g roup  h as  on t h e  b a s i c i t y  o f  t h e  s u l ­
f o x i d e .  At p r e s e n t ,  h y d ro g en  bond ing  s t u d i e s  i n d i c a t e  t h a t  t h e
47b a s i c i t y  i n c r e a s e s  a s  t h e  s i z e  o f  t h e  a l k y l  g roup  i n c r e a s e s .
The a p p a r e n t  pK v a l u e s  d e t e rm in e d  i n  a c e t i c  a n h y d r id e  by t i -
t r a t i o n  w i t h  p e r c h l o r i c  a c i d  i n  a c e t i c  a c i d  I n d i c a t e s  t h a t  t h e
48b a s i c i t y  d e c r e a s e s  a s  t h e  a l k y l  g roup  i n c r e a s e s  i n  s i z e .
These s t u d i e s  a r e  s p e c u l a t i v e  and r e q u i r e  f u r t h e r  work b e f o r e  
any d e f i n i t e  c o n c l u s i o n s  c a n  be made a s  t o  w hich  s tu d y  i s  g i v i n g  
t h e  c o r r e c t  t r e n d  i n  b a s i c i t y  i f  t h e r e  in d e e d  i s  a  change i n  
b a s i c i t y .  These s t u d i e s  p o i n t  o u t  t h e  f a c t  t h a t  t h e  p o s s i b i l i t y  
o f  change i n  b a s i c i t y  c a n n o t  be n e g l e c t e d  i n  t h e  i n t e r p r e t a t i o n  
o f  changes  i n  r a t e  c o n s t a n t s  f o r  t h e  p h en y l  a l k y l  s u l f o x i d e  s e r i e s .
In  o r d e r  t o  e x p l a i n  t h e  s m a l l  change f rom  l s o p r o p y l  t o  
i - b u t y l  based  upon p r e s e n t  knowledge o f  t h e  t r e n d s  i n  b a s i c i t y ,  
i t  must be assumed t h a t  t h e  t r e n d  i n d i c a t e d  by hydrogen  bonding  
i s  b e in g  f o l l o w e d .  As t h e  b a s i c i t y  o f  t h e  s e r i e s  i s  I n c r e a s e d ,
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g o in g  from m e thy l  t o  t - b u t y l ,  t h e  r a t e  sh o u ld  a l s o  he i n ­
c r e a s e d  due t o  t h e  e f f e c t  o f  i n c r e a s e d  b a s i c i t y  on t h e  f i r s t  
e q u i l i b r i u m  s t e p  o f  t h e  r e a c t i o n .  At t h e  same t im e ,  s t e r i c  
e f f e c t s  can  be o p e r a t i n g  on t h e  r a t e - d e t e r m i n i n g  a t t a c k  of  
i o d i d e  io n  on s u l f u r  t o  d e c r e a s e  t h e  r a t e .  The two e f f e c t s  
o p e r a t i n g  s i m u l t a n e o u s l y  co u ld  r e s u l t  i n  t h e  d e c r e a s e  i n  
r e l a t i v e  r a t e s  be tween l s o p r o p y l  and i - b u t y l .
The second  e x p l a n a t i o n  depends  upon t h e  s t e r i c  e f f e c t s  
o f  b o t h  t h e  a l k y l  g roup  and t h e  ph en y l  group  upon t h e  r e ­
a c t i o n .  As t h e  a l k y l  g roup  g e t s  l a r g e r ,  t h e  p o s s i b i l i t y  
e x i s t s  f o r  i t  t o  t w i s t  t h e  ph en y l  r i n g  i n t o  a  p o s i t i o n  so t h a t  
i t  a l s o  c o n t r i b u t e s  t o  t h e  o v e r a l l  s t e r i c  e f f e c t . Based upon 
t h i s  p o s s i b i l i t y ,  i t  c a n  be assumed t h a t  f o r  t h e  i s o p r o p y l  
g roup  t h e  s t e r i c  e f f e c t  due t o  i t  and t h e  p h e n y l  r i n g  i s  
maximized,  and t h e  s t e r i c  e f f e c t  o f  t h e  £ - b u t y l  group adds 
r e l a t i v e l y  l i t t l e  t o  t h e  r a t e  d e c r e a s e .
The p o s s i b i l i t y  t h a t  t h e  e f f e c t s  g iv e n  i n  t h e  p r e ­
c e d in g  e x p l a n a t i o n s  a r e  o p e r a t i n g  a t  t h e  same t im e  a l s o  e x i s t s .
The e x p l a n a t i o n s  g iv e n  a r e  s p e c u l a t i v e  and b e f o r e  
any d e f i n i t e  c o n c l u s i o n s  can  be made ab o u t  t h e  s t e r i c  e f f e c t s  
on t h e  r e a c t i o n ,  t h e  pK v a l u e s  f o r  t h e  s u l f o x i d e s  must be 
d e te rm in e d  i n  t h e  s o l v e n t  sy s tem  i n  which  t h e  r e a c t i o n s  were 
s t u d i e d .  However, i t  h a s  been  assumed t h a t  t h e  d e c r e a s e  i n  
t h e  r a t e  cou ld  be due t o  a  co m b in a t io n  o f  t h e  s t e r i c  e f f e c t s  
on t h e  e q u i l i b r i u m  s t e p  and t h e  r a t e - d e t e r m i n i n g  s t e p  b u t  t h a t  
t h e  p r im ary  c a u s e  f o r  t h e  o v e r a l l  r a t e  d e c r e a s e  i s  due to  s t e r i c
e f f e c t s  on t h e  r a t e - d e t e r m i n i n g  s t e p .
I n  t h e  c a s e  o f  t h e  c i s -  and t r a n s - 4 - ( 4 - c h l o r o p h e n y l ) -
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t ' h i a n e - l - o x i d e ,  t h e  t r a n s  i s o m e r  i s  r e d u c e d  a p p r o x im a te ly  24-
t im e s  f a s t e r  t h a n  t h e  c i s  i s o m e r .  T h is  i s  o p p o s i t e  t o  what
would he e x p e c te d  i f  i o d i d e  i o n  i s  a t t a c k i n g  t h e  p o s i t i v e
s u l f u r  c e n t e r  and d i s p l a c i n g  an -OH group  i n  t h e  p r o c e s s
a c c o rd in g  t o  t h e  mechanism p roposed  p r e v i o u s l y .  Based upon
p r e s e n t  t h e o r y ,  a  s u b s t i t u e n t  i n  t h e  a x i a l  p o s i t i o n  on a  r i n g
shou ld  be d i s p l a c e d  more e a s i l y  becau se  o f  i t s  h i g h e r  g ro u n d -  
49s t a t e  e n e rg y .  T h is  i s  s u p p o r te d  by t h e  f a c t  t h a t  c l s - 4 - t -  
b u t y l c y c l o h e x y l  t o s y l a t e  u n d e rg o es  d i s p l a c e m e n t  w i t h  t h i o -  
phenoxide io n  ab o u t  19 t im e s  f a s t e r  t h a n  t h e  t r a n s  i s o m e r .  
T h e r e f o r e ,  i f  t h e  c i s  and t r a n s  i s o m e r s  o f  t h e  t h l a n e - 1 - o x i d e  
s t u d i e d  have t h e  f o l l o w i n g  c o n f o r m a t io n s  i n  t h e  p r o t o n a t e d  





t r a n s
th e  o l s  i so m e r  w i t h  t h e  a x i a l  -OH group  would be ex p e c te d  t o
undergo a t t a c k  by I~  on t h e  p o s i t i v e  s u l f u r  and d i s p l a c e  t h e
-OH group  much more r e a d i l y  t h a n  i n  t h e  t r a n s  i s o m e r .
A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  t r a n s  I so m er  r e a c t i n g
f a s t e r  t h a n  th e  c i s  i s  t h a t  t h e  s o l v e n t  has  an e f f e c t  on t h e
r e a c t i o n .  The r e a c t i o n  was s t u d i e d  i n  a s o l v e n t  o f  50$ w a t e r
and 50$ a o e t i c  a c id  by volume w i t h  t h e  a c id  c o n c e n t r a t i o n  a t
4.0M and t h e  i o d i d e  i o n  c o n c e n t r a t i o n  a t  0.2M. I t  was found  by 
6 —9Allenmark  t h a t  a c a r b o x y l  g roup  on t h e  s u b s t r a t e  i s  most 
l i k e l y  In v o lv ed  i n  t h e  r e d u c t i o n  o f  t h e  s u l f o x i d e s  s t u d i e d .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
34
T h e r e f o r e ,  i f  t h i s  i s  p o s s i b l e  i n  A l l e n m a r k ' s  c a s e ,  i t  may 
a l s o  he p o s s i b l e  f o r  c a s e s  where t h e  c a r b o x y l  g roup  can  come 
from t h e  s o l v e n t  i n s t e a d  o f  b e in g  d i r e c t l y  c o n n e c te d  to  t h e  
r e a c t i n g  m o le c u le .  U sing  t h e  a s s u m p t io n  t h a t  t h e  a c e t i c  a c i d  
f rom t h e  s o l v e n t  i s  i n v o l v e d  i n  t h e  r e d u c t i o n  o f  t h e  c i s -  and 
t r a n s - 4 - ( 4 —c h l o r o p h e n y l ) - t h l a n e - l - o x l d c  i n  t h e  same manner as  
shown p r e v i o u s l y  i n  F i g u r e  6 f o r  A l l e n m a r k ' s  s t u d i e s ,  t h e  
f o l l o w i n g  i n t e r m e d i a t e s  can  be p roposed  a s  r e s u l t i n g  f rom t h e  
a t t a c k  o f  a c e t i c  a c i d  on t h e  s u l f u r  w i t h  t h e  l o s s  o f  t h e  -OH 





t r a n s  i n t e r m e d i a t e
A r
t r a n s
<j)-C-0H3
$S: +  H20
c i s  i n t e r m e d i a t e
I f  t h e s e  i n t e r m e d i a t e s  a r e  formed p r i o r  t o  t h e  a t t a c k  
o f  l “ on s u l f u r ,  t h e  c i s  i s o m e r  has  now been  c o n v e r t e d  to  an 
i n t e r m e d i a t e  w i t h  a  s u b s t i t u e n t  on s u l f u r  i n  t h e  e q u a t o r i a l  
p o s i t i o n ,  and t h e  t r a n s  i s o m e r  i s  c o n v e r t e d  t o  an i n t e r m e d i a t e  
w i t h  a  s u b s t i t u e n t  on s u l f u r  i n  t h e  a x i a l  p o s i t i o n .  F o l lo w in g  
p r e s e n t  t h e o r y ,  t h e  I n t e r m e d i a t e  formed f rom  t h e  t r a n s  i s o m e r  
shou ld  r e a c t  f a s t e r  t h a n  t h e  i n t e r m e d i a t e  f rom  t h e  c i s  i s o m e r .
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T h is  would be I n  ag reem en t  w i t h  t h e  r e s u l t s  o b t a i n e d .
A lso ,  i f  p r e s e n t  t h e o r y  i s  c o r r e c t ,  t h e  f o r m a t io n  
o f  t h e  i n t e r m e d i a t e s  p roposed  ca n n o t  be r a t e - d e t e r m i n i n g .
I f  I t  w e re ,  t h e  c i s  I so m er  would be e x p e c te d  to  r e a c t  f a s t e r  
t h a n  t h e  t r a n s . The r a t e - d e t e r m i n i n g  s t e p  i s  most l i k e l y  
t h e  a t t a c k  o f  1“ on t h e  i n t e r m e d i a t e s  formed a f t e r  a t t a c k  by 
a c e t i c  a c i d .
The e x p l a n a t i o n  f o r  t h e  r e s u l t s  o b t a i n e d  f o r  t h e  c i s -  
and t r a n s - 4 - (4—c h l o r o p h e n y l ) - t h l a n e - 1 - o x i d e  i n  t h i s  s tu d y  i s  
r e a s o n a b l e  based  upon a v a i l a b l e  i n f o r m a t i o n ,  b u t  u n t i l  more 
e v id en ce  i s  found s u b s t a n t i a t i n g  t h e  e x i s t e n c e  o f  t h e  p roposed  
i n t e r m e d i a t e s ,  i t  i s  s p e c u l a t i v e .
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EXPERIMENTAL
M a t e r i a l s
T h io p h en o ls
_ p - T o l u e n e t h io l ,  j> - c h lo r o th io p h e n o l  and t h i o p h e n o l  
were co m m er ica l ly  a v a i l a b l e .  A l l  o t h e r s  u sed  were  syn­
t h e s i z e d .
p - N l t r o t h i o p h e n o l . T h is  t h i o p h e n o l  was p r e p a r e d
23a c c o r d in g  t o  t h e  p ro c e d u re  o f  P r i c e  and S t a c y .  A 1 - l i t e r  
t h r e e - n e c k e d  f l a s k  was f i t t e d  w i t h  a s t i r r e r ,  r e f l u x  con ­
d e n s e r ,  and a  d r o p p in g  f u n n e l .  A s o l u t i o n  o f  sodium 
d i s u l f i d e  p r e p a r e d  from sodium s u l f i d e  (175 g .»  0 .7 2 0  m oles)  
and s u l f u r  (2 3 .4  g . ,  0 .7 2 0  m oles)  i n  150 ml.  o f  95% e t h a n o l  
was added i n  s m a l l  p o r t i o n s  o v e r  a  p e r io d  o f  10 min. t o  a  
s o l u t i o n  of  ]D -n i t ro c h lo ro b e n zen e  (157 .5  g . ,  1 . 0 0  m oles )  i n  
250 ml.  o f  95% e t h a n o l .  The s o l u t i o n  was b r o u g h t  t o  r e f l u x  
t e m p e r a t u r e ,  and an a l c o h o l i c  s o l u t i o n  o f  sodium h y d ro x id e  
(40 g . ,  1 .0 0  m oles)  was added d ro p w ise  o v e r  a p e r i o d  o f  abou t  
20 m in .  w h i le  t h e  s o l u t i o n  was r e f l u x i n g .  A f t e r  r e f l u x i n g  
f o r  a  t o t a l  t im e  o f  45 m i n . ,  t h e  m ix t u r e  was c o o le d  and t h e n  
poured  onto  1 k g .  o f  i c e  and 1 l i t e r  o f  w a t e r .  A p r e c i p i ­
t a t e  was removed by f i l t r a t i o n .  The f i l t r a t e  was a c i d i f i e d  
w i t h  h y d r o c h l o r i c  a c i d ,  and t h e  p - n i t r o t h i o p h e n o l .  o o l l e c t e d
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by f i l t r a t i o n  and washed w i t h  500 ml.  o f  w a t e r .  The c rude  
p ro d u c t  was d i s s o l v e d  i n  150 m l.  o f  95$ e t h a n o l .  Th is  was 
t h e n  added to  1 l i t e r  o f  1 M sodium h y d r o x id e .  The s o l u t i o n  
was f i l t e r e d ,  and t h e  f i l t r a t e  was a g a i n  a c i d i f i e d  a s  b e ­
f o r e .  The p ro d u c t  was c o l l e c t e d  by f i l t r a t i o n  and used  i n  
t h e  c ru d e  form (5 5 .8  g . ,  0 .3 6 0  m oles ,  50$ y i e l d ) .
p -M ethoxy th io  p h e n o l . Th is  t h i o p h e n o l  was p r e p a re d  
a o c o rd in g  t o  t h e  p ro c e d u re  i n  Organic  S y n th e se s  f o r  t h l o -  
p h e n o l .  A 5 - l i ' t e r  t h r e e - n e c k e d  f l a s k  was f i t t e d  w i t h  a 
r e f l u x  c o n d e n se r ,  th e rm o m e te r ,  and s t i r r e r .  Then 3 kg .  o f  
c ru sh ed  i c e  and 600 m l.  o f  co n c .  s u l f u r i c  a c i d  was added to  
t h e  f l a s k .  The m ix t u re  was co o led  t o  below - 5 °  i n  a  Dry 
I c e  and a c e to n e  b a t h  w h i l e  s t i r r i n g .  j>-Methoxybenzene- 
s u l f o n y l  c h l o r i d e  (206 g . ,  1 .0 0  mole) was g r a d u a l l y  added .  
Zinc d u s t  (500 g . ,  7 .6 5  m o les)  was added i n  s m a l l  p o r t i o n s  
as  r a p i d l y  as p o s s i b l e  w i th o u t  a l l o w in g  t h e  t e m p e r a tu r e  t o  
r i s e  above - 5 ° .  The c o n t e n t s  o f  t h e  f l a s k  were s t i r r e d  f o r  
abou t  1& h r .  l o n g e r  a t  t h i s  t e m p e r a t u r e .  A f t e r  t h i s  t im e ,  
t h e  f l a s k  was warmed by h e a t i n g  g e n t l y  w i th  a  b u r n e r .  W ith­
i n  a  few m in u te s ,  a  r a t h e r  v ig o ro u s  r e a c t i o n  o c c u r r e d ,  and 
th e  f l a s k  was c o o le d  u n d e r  a  s t r e a m  o f  co ld  w a t e r .  A f t e r  
t h i s  f i r s t  r e a c t i o n ,  t h e  m ix tu re  was h e a te d  t o  b o i l i n g  and 
r e f l u x e d  f o r  ab o u t  6 h r .  The jD -m ethoxyth iophenol  was t h e n  
s team d i s t i l l e d .  The t h i o l  was t a k e n  up i n  c h lo ro fo rm  and 
d r i e d  o v e r  anhydrous  magnesium s u l f a t e .  This  was f i l t e r e d *  
and t h e  c h lo ro fo rm  removed u n d e r  vacuum. The r e s i d u a l  o i l  
was d i s t i l l e d  t h r o u g h  a  15 cm. V lgreux  column. The main
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f r a c t i o n  d i s t i l l e d  a t  53 -54°  ( 0 .2  mm.), l i t . 25 b . p .  89 -90°
(5 mm.), (112 g . ,  0 .8 0 0  mole ,  80$ y i e l d ) .  ( I n f r a r e d  sp ec t ru m  
n o . 2600)
m -O h lo ro t h lo p h e n o l . A 2 - l i t e r  b e a k e r  equ ipped  w i t h
a  s t i r r e r  and th e rm o m ete r  was immersed i n  an i c e  and s a l t
b a t h .  H y d ro c h lo r ic  a c i d  (150 m l . ,  conc.) and m - c h l o r o a n i -
l i n e  (95 .7  g . ,  0 .7 5 0  mole) were added t o  t h e  b e a k e r ,  and
c ru sh e d  i c e  (150 g . )  was added t o  c o o l  t h e  m i x t u r e .  Th is
was co o led  to  0° and a c o ld  s o l u t i o n  o f  sodium n i t r i t e
(55 g . ,  0 .800  mole) i n  125 ml.  o f  w a t e r  was added d ropw ise
. 0
k e e p in g  th e  t e m p e r a t u r e  always below 4 .
I n  a n o t h e r  2 - l i t e r  b e a k e r  equ ipped  w i t h  a th e rm o m ete r ,  
d r o p p in g  f u n n e l ,  and s t i r r e r ,  p o ta s s iu m  e t h y l  x a n t h a t e  
(140 g . ,  0 .8 8 0  mole) was d i s s o l v e d  i n  180 m l.  o f  w a t e r .
The s o l u t i o n  was warmed t o  40 -45°  and k e p t  i n  t h a t  ran g e  
d u r i n g  th e  slow a d d i t i o n  o f  th e  co ld  d iazon lum  s o l u t i o n .
The d lanzon ium  s o l u t i o n  was k e p t  i n  t h e  i c e  b a t h ,  and o n ly  
s m a l l  p o r t i o n s  were p l a c e d  i n  t h e  d r o p p in g  f u n n e l  a t  one 
t im e .  About 2 h r .  were r e q u i r e d .  A f t e r  an a d d i t i o n a l  30 min. 
a t  t h i s  t e m p e r a t u r e  t o  i n s u r e  co m p le te  d e c o m p o s i t io n  o f  t h e  
i n t e r m e d i a t e  compound, t h e  d a rk  red  o i l y  x a n t h a t e  was s e p a r ­
a t e d .  The aqueous  l a y e r  was e x t r a c t e d  tw ic e  u s in g  100 ml.  
p o r t i o n s  of  e t h e r .  The combined o i l  and e t h e r  e x t r a c t s  
were washed once w i t h  100 ml. o f  10$ sodium h y d ro x id e  and 
t h e n  w i th  s e v e r a l  p o r t i o n s  o f  w a t e r  u n t i l  t h e  w ash ings  were 
n e u t r a l  t o  l i t m u s .  The e t h e r  s o l u t i o n  was d r i e d  o v e r  anhydrous
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magnesium s u l f a t e  and f i l t e r e d .  The e t h e r  was removed u n d e r  
vacuum. The c ru d e  x a n t h a t e  was added t o  a  1—l i t e r  t h r e e ­
necked  f l a s k  f i t t e d  w i t h  a  r e f l u x  c o n d e n s e r  and c o n t a i n i n g  
500 ml.  o f  95$ e t h a n o l .  T h is  s o l u t i o n  was b ro u g h t  t o  b o i l ­
in g  and t h e  s o u r c e  o f  h e a t  removed. While s t i l l  h o t ,  
p o ta s s iu m  h y d ro x id e  p e l l e t s  (175 g .»  3»00 m o les)  were added 
s lo w ly  to  keep  t h e  s o l u t i o n  b o i l i n g .  The m ix tu re  was t h e n  
r e f l u x e d  f o r  8 h r .  a f t e r  which  a p p r o x im a te ly  400 ml.  o f  t h e  
e t h a n o l  was removed by d i s t i l l a t i o n  on a  s team  b a t h .  The 
r e s i d u e  was t a k e n  up i n  a  minimum amount o f  w a te r ,  ab o u t  
500 ml.  This  s o l u t i o n  was made s t r o n g l y  a c i d  t o  Congo Red 
p a p e r  by add ing  6N s u l f u r i c  a c i d .  The r e s u l t i n g  s o l u t i o n  
was e x t r a c t e d  w i t h  c h l o ro f o rm .  The c h lo ro f o rm  s o l u t i o n  was 
d r i e d  o v e r  anhydrous  magnesium s u l f a t e  and f i l t e r e d .  The 
ch lo ro fo rm  was removed u n d e r  vacuum, and t h e  r e s i d u a l  d a rk  
brown o i l  was d i s t i l l e d  t h r o u g h  a  15 cm. V igreux  column.
The main f r a c t i o n  d i s t i l l e d  a t  52 -54°  (0 .8  mm.), l i t . ^  
b . p .  90-92°  (13 mm.), (72 g . ,  0 . 5 0 0  mole,  50$ y i e l d ) .  
( I n f r a r e d  s p e c t ru m  n o .  2445)
m - T o lu e n e t h l o l  and m -M ethoxy th iopheno l .  These t h i o -  
p h en o ls  were  p r e p a r e d  i n  t h e  same manner as  t h e  m -c h lo ro -  
t h i o p h e n o l .  m -T o lu id in e  and m .-an is ld in e  were u s e d ,  r e s p e c ­
t i v e l y .
m - I o l u e n e t h i o l  d i s t i l l e d  a t  147° (80 mm.), l l t . 2^ 
b . p .  90-93°  (25 mm.), (6 8 .2  g . ,  0 .5 5 0  m ole ,  73$ y i e l d ) .  
( I n f r a r e d  sp e c t ru m  n o .  2994)
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m -M ethoxyth iophenol  d i s t i l l e d  a t  62 -63°  ( 0 .5  mm.),
pQ
l i t .  h . p .  78° (4 mm.), (2 9 .4  g . ,  0 .2 1 0  mole ,  28$ y i e l d ) .  
( I n f r a r e d  sp e c t ru m  n o .  2583)
m - N l t r o t h i o p h e n o l . Th is  p a r t i c u l a r  t h i o l  was n o t  
i s o l a t e d ,  h u t  was p r e p a r e d  as  i t s  sodium s a l t  i n  t h e  
f o l l o w i n g  manner.  Sodium s u l f i d e  (43 .6  g . ,  0 .2 9 0  mole,
60$ a s s a y )  was p la c e d  i n  a 1 - l l t e r  on e -n ec k  f l a s k  con ­
t a i n i n g  300 ml.  o f  m e th a n o l .  T h is  m ix tu re  was s t i r r e d  
m a g n e t i c a l l y .  When t h e  sodium s u l f i d e  had d i s s o l v e d  com­
p l e t e l y ,  t h e  s o l u t i o n  was cove red  w i t h  a  n i t r o g e n  a tmos­
p h e r e .  A h o t  s o l u t i o n  o f  300 ml.  o f  m e thano l  c o n t a i n i n g  
m - n i t r o p h e n y l  d i s u l f i d e  (8 8 .4  g . ,  0 .2 9 0  mole) was added t o  
t h i s  s o l u t i o n .  As t h e  h o t  a l c o h o l  s o l u t i o n  was added u n d e r  
a  s t r e a m  of  n i t r o g e n ,  t h e  s o l u t i o n  became d a rk  red  i n  c o l o r .  
The change i n  c o l o r  i n d i c a t e d  t h e  f o r m a t i o n  o f  t h e  sodium 
s a l t  of  & .-n i t ro  t h i o  p h e n o l . Th is  s a l t  s o l u t i o n  was used  t o  
p r e p a r e  t h e  m e thy l  s u l f i d e .
S u l f i d e s
The s u l f i d e s  g iv e n  i n  Tab le  8 were  p r e p a r e d  by 
a l k y l a t i n g  t h e  a p p r o p r i a t e  t h i o p h e n o l s  w i th  d im e th y l  s u l ­
f a t e  a c c o r d in g  to  t h e  g e n e r a l  p ro c e d u re  g iv e n  on t h e  f o l l o w ­
in g  page .
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T ab le  8
S u b s t i t u t e d  P heny l  Methyl S u l f i d e s
X-ArSOH,. B.p . /m m . Eta -  M.p. ( S o lv e n t ) R e f .j
p-OHj 62-63  (0 .2 5  mm.) (29)
JL-OHj 56-57  (0 .6  mm.) (29)
l-OHjO 53-54  ( 0 .2  mm.) (29)
jn,-0H.*O 6 1 -6 2  ( 0 .2  mm.) (50)
£ - 0 1 134-136 (5 mm.) (29)
DL-01 6 0 -6 1  (0 .6  mm.) (29)
p-N02 7 1 -7 2  ( l i g r i o n ) (29)
H 76-77  (10 mm.) (31)
The t h i o p h e n o l  (0 .5 0  mole)  was p la c e d  i n  a 500 ml.  
E rlenm yer  f l a s k ,  and sodium h y d ro x id e  ( 0 .8 0  mole) i n  200 ml. 
o f  w a t e r  was added .  The f l a s k  was co o le d  i n  an i c e  b a t h ,  
and d im e th y l  s u l f a t e  (0 . 7 0  mole)  was added d ro p w ise  w h i le  
t h e  s o l u t i o n  was s t i r r e d  m a g n e t i c a l l y .  A f t e r  a d d i t i o n  o f  
t h e  d im e th y l  s u l f a t e ,  t h e  s o l u t i o n  was a l lo w ed  t o  s t i r  w h i le  
coming to  room t e m p e r a t u r e .  The s o l u t i o n  e i t h e r  s e p a r a t e d  
i n t o  two l a y e r s  o r  a  s o l i d  p r e c i p i t a t e d  o u t .  I n  t h e  c a s e  o f  
t h e  o i l y  l a y e r ,  t h i s  was s e p a r a t e d ,  and t h e  aqueous l a y e r  
e x t r a c t e d  w i t h  e t h e r .  The o i l  and e t h e r  e x t r a c t s  were com­
b i n e d ,  d r i e d  o v e r  anhydrous  magnesium s u l f a t e ,  and f i l t e r e d .  
The e t h e r  was removed u n d e r  vacuum, and t h e  r e s i d u a l  o i l  was 
f r a c t i o n a l l y  d i s t i l l e d  th r o u g h  a  15 cm. V ig reux  column. I n  
t h e  c a s e  o f  t h e  s o l i d  p r e c i p i t a t e ,  t h i s  was b o l l e c t e d  and 
r e c r y s t a l l i z e d  from t h e  a p p r o p r i a t e  s o l v e n t .  The y i e l d s  were 
8 5 -9 0 $ .
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m -N lt ro p h en y l  Methyl S u l f i d e .  The sodium m - n i t r o -  
t h i o p h e n o l a t e  p r e p a r e d  p r e v i o u s l y  was made b a s i c  by add ing  
100 ml.  o f  m e thano l  s a t u r a t e d  w i t h  sodium h y d r o x id e .  This  
was done u n d e r  a  n i t r o g e n  a tm o sp h e re .  D im ethy l  s u l f a t e  
(75 m l . ,  0 .790  mole) was added t o  t h e  s o l u t i o n .  I t  t u r n e d  
a l i g h t  y e l lo w ,  and a  l i g h t  y e l lo w  s o l i d  fo rm ed .  The s o l i d  
was f i l t e r e d  o f f  and added t o  w a t e r .  I t  d i s s o l v e d ;  t h e  
s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r .  The a l c o h o l  s o l u t i o n  
was d i l u t e d  w i th  w a t e r  and e x t r a c t e d  w i t h  e t h e r .  The e t h e r  
l a y e r s  were combined, d r i e d  o v e r  anhydrous  magnesium s u l f a t e ,  
and f i l t e r e d .  The e t h e r  was removed u n d e r  vacuum, and t h e  
r e s i d u a l  o i l  was d i s t i l l e d  t h r o u g h  a  15 cm. V igreux  column.
The main f r a c t i o n  d i s t i l l e d  a t  8 7 -8 8 °  (0 .1 5  mm.), l l t . ^  
b . p .  133-134° (4 mm.), (81 g . ,  0 .4 8 0  mole ,  80$ y i e l d ) .
Phenyl  E th y l  S u l f i d e .  E th y l  bromide (109 g .»  1 .0 0  
mole) was added d ro p w ise  t o  250 ml.  o f  w a t e r  c o n t a i n i n g  
sodium hy d ro x id e  (50  g . )  and t h io p h e n o l  (102 m l . ,  1 .0 0  m o le ) .
The s o l u t i o n  was co o le d  i n  an i c e  b a t h  and s t i r r e d  m a g n e t i c a l l y .  
The s o l u t i o n  was a l lo w ed  t o  warm up t o  room t e m p e r a tu r e  and 
s t i r r e d  f o r  two d a y s .  The to p  l a y e r  was s e p a r a t e d  and t h e  
aqueous l a y e r  e x t r a c t e d  w i t h  e t h e r .  The o i l y  l a y e r  and t h e  
e t h e r  e x t r a c t s  were combined,  d r i e d  o v e r  anhydrous  magnesium 
s u l f a t e  and f i l t e r e d .  The e t h e r  was removed u n d e r  vacuum, 
and t h e  r e s i d u a l  o i l  was d i s t i l l e d  t h r o u g h  a 15 cm. V igreux  
column. The main f r a c t i o n  d i s t i l l e d  a t  54 -55°  (1 mm.), l i t . ^ 1 
b . p .  86 -87°  (13  mm.), (110 g . ,  0 .8 0 0  m ole ,  80$ y i e l d )
4 - ( p - O h lo r o p h e n y l ) - T h l a n e . T h is  s u l f i d e  was p r e p a re d  
by th e  s y n t h e t i c  p r o c e d u r e s  o u t l i n e d  below.
I
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
43
a )  E t h y l  3 - ( p - O h lo r o p h e n y l ) - 5 - K v d r o x y p r o p io n a t e . A 
1 - l i t e r  t h r e e - n e c k e d  f l a s k  f i t t e d  w i t h  a  m e c h a n ic a l  s t i r r e r ,  
r e f l u x  c o n d e n s e r ,  and a d d i t i o n  f u n n e l  was f l u s h e d  w i t h  d ry  
n i t r o g e n  and ch a rg e d  w i t h  z i n c  d u s t  (80 g . ,  1 .2 0  m o le ) .  A 
s o l u t i o n  of  e t h y l  b r o m o a c e t a t e  (111 m l . ,  1 . 0  m o le ) ,  p - c h l o r o -  
b en z a ld eh y d e  (171 g . ,  1 .2 0  m o le ) ,  d ry  benzene  (160 m l . ) ,  and 
d ry  e t h e r  (40 m l . )  was p la c e d  i n  t h e  a d d i t i o n  fu n n e l*  abou t  
10 ml.  of  t h e  s o l u t i o n  was added t o  s t a r t  t h e  r e a c t i o n .  I f  
t h e  r e a c t i o n  d id  n o t  s t a r t ,  h e a t  was a p p l i e d  so t h e  s o l u t i o n  
r e f l u x e d .  Once r e a c t i o n  had s t a r t l e d ,  s t i r r i n g  was begun ,  and 
t h e  s o l u t i o n  added d ro p w is e  so t h a t  t h e  m ix tu r e  r e f l u x e d  
g e n t l y .  A f t e r  a d d i t i o n  was c o m p le te ,  h e a t  was a p p l i e d ,  and 
t h e  m ix tu re  r e f l u x e d  f o r  an a d d i t i o n a l  h o u r . . The f l a s k  
was c o o l e d ,  and 400 m l .  o f  10$ s u l f u r i c  a c i d  was added .  The
m ix tu re  s e p a r a t e d  i n t o  two l a y e r s .  The t o p  e t h e r  l a y e r  was
removed, and t h e  lo w e r  aqueous a c i d  l a y e r  was e x t r a c t e d  
w i t h  e t h e r .  The e t h e r  l a y e r s  were  combined, washed w i t h  
10$ sodium c a r b o n a t e ,  w a t e r ,  and d r i e d  o v e r  anhydrous  
sodium s u l f a t e .  The s o l v e n t  was removed u n d e r  vacuum, and 
t h e  rem a in in g  o i l  was d i s t i l l e d  t h r o u g h  a  15 cm. V igreux
column. The main f r a c t i o n  d i s t i l l e d  a t  3.40° (0 .8  mm.),
(137 g* ,  0 .6 0  mole,’ 60$ y i e l d ) .  ( I n f r a r e d  sp e c t ru m  n o .
4010)
b ) E th y l  p -O h lo roc lnaam ate .  E t h y l - 3 - ( p - c h l o r o p h e n y l ) -
3 - h y d ro x y p r o p io n a t e  (137 g - ,  0 .6 0  mole) was p l a c e d  i n  a  500 -m l .  
one-neck  f l a s k  and 200 ml.  o f  a c e t i c  a n h y d r id e  added .  The
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m ix t u re  was r e f l u x e d  f o r  X h r . ,  and th e  a c e t i c  a n h y d r id e -  
a c e t i c  a c id  m ix tu re  was d i s t i l l e d  o f f .  T h is  m ix tu re  d i s ­
t i l l e d  between  1 5 5 -1 4 5 ° .  The d e h y d r a t i o n  was com ple te  when 
t h e  m ix tu re  was c o m p le t e ly  d i s t i l l e d  o v e r ,  and t h e  te m p e ra ­
t u r e  dropped  below 1 0 0 ° .  The re m a in in g  l i q u i d  was d i s t i l l e d  
u n d e r  vacuum th r o u g h  a  15 cm. V igreux  column. The main 
f r a c t i o n  d i s t i l l e d  a t  1 0 0 - 1 0 1 ° (0 . 3  mm.), l i t . 55  b . p .  160°
(11 mm.), (105 g 0 . 50  mole ,  83$ y i e l d ) .  ( I n f r a r e d  sp e c t ru m  
n o . 4038)
c )  3- ( p - Q h l o r o p h e n y l ) - G l u t a r l c  A c id .  A 1 - l i t e r  t h r e e ­
necked  f l a s k  f i t t e d  w i t h  a  r e f l u x  c o n d e n s e r ,  s t i r r e r ,  and 
d ro p p in g  f u n n e l  was f l u s h e d  w i t h  n i t r o g e n  and cha rged  w i t h  
s u p e r - d r y  a b s o l u t e  e t h a n o l  (253  m l . ,  4 . 3  m oles )  and c l e a n  
sodium (18 .4  g . ,  0 .8 0  m o le ) .  A f t e r  t h e  sodium had r e a c t e d  
c o m p le t e ly ,  t h e  f l a s k  was c o o le d ,  and r e d i s t i l l e d  d i e t h y l  
m a lo n a te  (151  m l . ,  1 . 0  mole) was added t o  t h e  f l a s k  t h r o u g h  
t h e  c o n d e n se r  w h i l e  t h e  c o n t e n t s  o f  t h e  f l a s k  were b e in g  
s t i r r e d .  A p a s t e - l i k e  s o l i d  formed upon a d d i t i o n  o f  t h e  
d i e t h y l  m a lo n a te .  The f l a s k  was h e a t e d ,  and t h e  s o l i d  d i s s o l v ­
ed .  When t h e  m ix tu r e  was r e f l u x l n g  g e n t l y ,  e t h y l  j p - c h lo ro -  
c in n am ate  (1 2 0 .5  g . ,  0 .5 7  mole) was added d ro p w is e .  The 
s o l u t i o n  was r e f l u x e d  f o r  an a d d i t i o n a l  h o u r .  The f l a s k  was 
c o o l e d ,  and g l a c i a l  a c e t i c  a c id  (4 7 .5  m l . ,  0 .8 3  mole) was 
ad d e d .  Excess  a l c o h o l  was removed by d i s t i l l a t i o n  u nder  
reduced  p r e s s u r e .  Enough w a t e r  was added t o  d i s s o l v e  a l l  t h e
1
s o l i d  m a t e r i a l .  The e s t e r  l a y e r  was s e p a r a t e d ,  and th e  aqueous
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l a y e r  e x t r a c t e d  w i t h  f o u r  25-m l.  p o r t i o n s  o f  ca rb o n  t e t r a ­
c h l o r i d e .  The combined e s t e r  and c a rb o n  t e t r a c h l o r i d e  ex­
t r a c t s  were washed t w i c e  w i t h  25 -m l .  p o r t i o n s  o f  w a t e r .
The s o l u t i o n  was d r i e d  o v e r  anhydrous  sodium s u l f a t e ,  and 
t h e  ca rb o n  t e t r a c h l o r i d e  removed u n d e r  vacuum. The r e s i d u a l  
o i l  was d i s t i l l e d  t h r o u g h  a 15 cm. V igreux  column. The main 
f r a c t i o n  d i s t i l l e d  a t  170-171° (0 .6  mm.).
The p r o d u c t  was p la c e d  i n  a  500-m l.  o n e -neck  f l a s k  
which  was s t i r r e d  m a g n e t i c a l l y  and f i t t e d  w i t h  a  r e f l u x  
c o n d e n s e r .  C o n c e n t r a t e d  h y d r o c h l o r i c  a c id  (200 m l . )  was 
added ,  and t h e  m ix tu re  r e f l u x e d  f o r  ab o u t  8 h r .  The a c id  
s o l u t i o n  was d e c a n t e d ,  and th e  p r o c e s s  r e p e a t e d  u n t i l  c r y ­
s t a l l i n e  p ro d u c t  rem ained  i n  t h e  f l a s k .  The p - ( p - c h l o r o -  
p h e n y l ) - g l u t a r i c  a c id  was c o l l e c t e d . ,  washed w i th  w a t e r ,  and 
a i r  d r i e d .  The c rude  m a t e r i a l  m e l ted  a t  16 1 -1 6 4 ° ,  l i t . ^  
m.p .  1 64 -165° ,  (101 g . ,  0 .46  mole ,  80$ y i e l d  based  on e t h y l  
p - c h l o r o o l n n a m a t e ) .
d )  E th y l  B - ( p -O h lo r o p h e n y l ) - G l u t a r a t e . A 500-m l.  
o ne -neck  f l a s k  f i t t e d  w i t h  a  c o n d e n s e r  and s t i r r e d  m a g n e t i c a l l y  
was charged  w i t h  £ - ( p - c h l o r o p h e n y l ) - g l u t a r i c  a c i d  (101 g . f 
0 .4 6  m ole ) ,  a b s o l u t e  e t h a n o l  (268  m l . ,  4 . 6 0  m o le s ) ,  and con­
c e n t r a t e d  s u l f u r i c  (11 .,6 m l . ,  0 .2 2  m o le ) .  The m ix t u r e  was 
r e f l u x e d  f o r  4 h r .  The f l a s k  was c o o l e d ,  and t h e  c o n t e n t s  
poured  i n t o  w a t e r .  The p ro d u c t  s e p a r a t e d  as  a  l i g h t  y e l lo w  
o i l .  The w a t e r  s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r ,  and t h e  
e x t r a c t s  and e s t e r  were combined and d r i e d  o v e r  anhydrous
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sodium s u l f a t e .  The e t h e r  was removed u n d e r  vacuum, and th e
r e s i d u a l  o i l  d i s t i l l e d  t h r o u g h  a  15 cm. V igreux  column. The
o 54main f r a c t i o n  d i s t i l l e d  a t  139-140 ( 0 .3  mm.), l i t .  b . p .
151-161°  ( 1 - 1 .7  mm.), ( 9 1 .1  g . ,  0 . 3 0  mole ,  70$ y i e l d ) .
( I n f r a r e d  sp e c t ru m  n o .  4115)
e ) 3 - (4-O hlorophen .v l  ) - l .  5 -D lhvd rox .vpen tane . A 2 - l i t e r  
t h r e e - n e c k e d  f l a s k  f i t t e d  w i t h  a  r e f l u x  c o n d e n s e r ,  s t i r r e r
and a d d i t i o n  f u n n e l  was c h a rg e d  w i t h  1 l i t e r  o f  anhydrous  
e t h e r  and powdered l i t h i u m  aluminum h y d r id e  (23 g*» 0 .6 0  m o le ) .  
E th y l  p - ( p - c h l o r o p h e n y l ) - g l u t a r a t e  (179 g .»  0 .6 0  mole) i n  
500  ml.  o f  d ry  e t h e r  was added d ro p w ise  so t h a t  t h e . s o l u t i o n  
r e f l u x e d  g e n t l y .  A f t e r  a d d i t i o n  was co m p le te ,  t h e  s o l u t i o n  
was s t i r r e d  f o r  an  a d d i t i o n a l  h a l f  h o u r .  D i l u t e  h y d r o c h l o r i c  
a c i d  was added t o  h y d r o ly z e  t h e  m i x t u r e .  The m ix tu re  was 
s t i r r e d  u n t i l  t h e r e  were  two c l e a r  l i q u i d  p h a s e s .  The to p  
e t h e r  l a y e r  was s e p a r a t e d ,  washed w i t h  10$ sodium c a r b o n a t e ,  
w a t e r  and d r i e d  o v e r  anhydrous  magnesium s u l f a t e .  T he© ther  
was removed u n d e r  vacuum, and t h e  r e s i d u a l  o i l  was d i s t i l l e d  
t h r o u g h  a 15 cm. V ig reux  column. The main f r a c t i o n  d i s t i l l e d  
a t  170-171° (0 .7  mm.), l i t . 3^ b . p .  166° (0 .8  mm.), (85-6 g . ,  
0 .4 0  mole ,  65$ y i e l d )  ( I n f r a r e d  sp ec t ru m  n o .  4130)
f ) 3 - ( 4 - 0 h l o r o p h e n y l ) - l a5 -D ib ro m o p e n tan e . T h is  d i ­
bromide was p r e p a r e d  a c c o r d in g  t o  t h e  p ro c e d u re  o f  A l l i n g e r
34
and Greenberg .  3 - ( 4 - 0 h l o r o p h e n y l ) - l , 5 - d i h y d r o x y p e n t a n e  
(85-6 g . ,  0 .4 6  mole)  was p la c e d  i n  a  250-ml.  t h r e e - n e c k e d  f l a s k  
f i t t e d  w i th  a  th e rm o m e te r ,  gas  o u t l e t  t u b e ,  a g a s  i n l e t  tube*
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and s t i r r e d  m a g n e t i c a l l y .  The f l a s k  was h e a t e d  t o  130°» and 
anhydrous  hydrogen  bromide was pas sed  i n t o  i t  f o r  abou t  8 h r .  
The r e a c t i o n  m ix tu re  t u r n e d  a  r e a l  d a r k  brown, and was t a k e n  
up i n  e t h e r .  The e t h e r  s o l u t i o n  was washed w i t h  5$ sodium 
c a r b o n a te  s o l u t i o n ,  w a t e r ,  and d r i e d  o v e r  anhydrous  sodium 
s u l f a t e .  The e t h e r  was removed u n d e r  vacuum, and t h e  r e ­
s i d u a l  o i l  was d i s t i l l e d  t h r o u g h  a  15 cm. V ig reux  column.
The main f r a c t i o n  d i s t i l l e d  a t  96° (0 .6  mm.), and a  second 
s m a l l e r  f r a c t i o n  d i s t i l l e d  a t  153-154°  (0 .4  mm.).
The compound o b ta in e d  a t  96° was n o t  t h e  d ib ro m id e .  
Based upon t h e  c o n d i t i o n s  o f  t h e  r e a c t i o n ,  i n f r a r e d  sp e c t ru m ,  
and n u c l e a r  m ag n e t ic  r e so n a n c e  s p e c t ru m ,  i t  was assumed t h a t  
t h e  p ro d u c t  was 4 - ( 4 - c h l o r o p h e n y l ) - p y r a n .  I t  was r e f l u x e d  
w i t h  57$ h y d r i o d i c  a c i d  f o r  ab o u t  8 h r .  The r e s u l t i n g  
m ix tu re  was t a k e n  up i n  e t h e r  and washed w i t h  a d i l u t e  s o l u t i o n  
o f  sodium b i s u l f i t e  t o  remove i o d i n e .  The e t h e r  l a y e r  was 
washed w i th  w a t e r  s e v e r a l  t im e s ,  d r i e d  o v e r  anhydrous  mag­
nesium s u l f a t e  and f i l t e r e d .  The e t h e r  was removed u n d e r  
vacuum, and t h e  r e s i d u a l  o i l  was added to  a  s o l u t i o n  of 
sodium s u l f i d e  i n  95$ e t h a n o l  w i t h  s t i r r i n g .  Heat was evo lved  
I n d i c a t i n g  a  r e a c t i o n .  The m ix tu re  was s t i r r e d  f o r  ab o u t  
2 h r . ,  and t h e n  w a te r  was added t o  t h e  a l c o h o l ,  k  l i g h t  
y e l lo w  o i l  came ou t  o f  s o l u t i o n .  T h is  was s e p a r a t e d  o f f ,  and 
t h e  s o l u t i o n  e x t r a c t e d  w i t h  e t h e r .  The o i l  and e t h e r  e x t r a c t s  
were combined, d r i e d  o v e r  anhydrous  magnesium s u l f a t e ,  and 
f i l t e r e d .  The e t h e r  was removed u n d e r  vacuum, and t h e  r e ­
m ain ing  o i l  was b o i l e d  w i t h  low b o i l i n g  p e t ro le u m  e t h e r .  The
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
48
p e t ro le u m  e t h e r  was d e c a n te d  and c o o l e d .  Upon c o o l i n g
4 - ( 4 - c h l o r o p h e n y l ) - t h i a n e  began  t o  c r y s t a l l i z e .
The second  f r a c t i o n ,  b.p, . 153-154°  ( 0 .4  mm.), was
■*4
3 - ( 4 - c h l o r o p h e n y l ) - l , 5 - d l b r o m o p e n t a n e ,  l i t .  b . p .  192-  
194° (7 mm.), (7 1 .4  g . ,  0 .2 1  mole ,  46$ y i e l d ) .  ( I n f r a r e d  
sp ec t ru m  n o .  4168)
g)  4 - ( 4 - Q h l o r o p h e n y l ) - T h i a n e . T h is  s u l f i d e  was p r e -
35p a red  a c c o r d in g  t o  t h e  p ro c e d u re  of  J o h n so n .  3 - ( 4 - C h l o r o -  
p h e n y l ) - l , 5 - d l b r o m o p e n t a n e  (71*4 g . ,  0 .2 1  mole) was added 
s lo w ly  to  a  1 l i t e r  b e a k e r  c o n t a i n i n g  500 ml.  o f  95$ e t h a n o l  
and sodium s u l f i d e  ( 5 0 .4  g . ,  0 .2 1  m o le ) .  Heat was g e n e r a t e d  
as  t h e  d ib ro m ld e  was added .  The m ix tu re  was a l lo w ed  t o  s t i r  
f o r  s e v e r a l  h o u r s .  Upon c o o l i n g ,  c r y s t a l s  came o u t  o f  
s o l u t i o n .  These were c o l l e c t e d ,  washed w i t h  w a t e r ,  and a i r  
d r i e d ,  m .p .  69 -7 0 °  ( e t h a n o l ) ,  l i t . ' * '*  m.p.  70 -7 1 °  (p e t ro le u m  
e t h e r ) ,  (37 g •, 0 .1 7  mole,  80$ y i e l d ) .  ( I n f r a r e d  sp e c t ru m  
no .  4420)
S u l f o x i d e s
Phenyl  Methyl S u l f o x i d e .  P h en y l  m ethy l  s u l f i d e  
(62  g . ,  0 . 5 0  mole)  was added t o  200 ml.  o f  g l a c i a l  a c e t i c  
a c id  i n  a 500 ml.  S r le n m e y e r  f l a s k  which  was c o o le d  i n  an 
i c e  b a t h  and s t i r r e d  m a g n e t i c a l l y .  Hydrogen p e r o x id e  (30$, 
57 m l . ,  0 .5 0  mole) was added d ro p w lse  t o  t h i s  s o l u t i o n .  The 
f l a s k  was k e p t  a t  10° f o r  2 days  and a l lo w ed  t o  s t a n d  a t  
room t e m p e r a t u r e  f o r  an a d d i t i o n a l  d ay .  The s o l v e n t  was r e ­
moved u n d e r  vacuum, and t h e  r e m a in in g  o i l  washed w i t h  5$ 
sodium c a r b o n a t e .  The o i l  was t a k e n  up i n  e t h e r ,  d r i e d  o v e r
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anhydrous  magnesium s u l f a t e ,  and f i l t e r e d .  The e t h e r  was 
removed u n d e r  vacuum, and t h e  re m a in in g  o i l  d r i e d  o v e r  Linde 
13X m o le c u l a r  s e l v e s .  The o i l  was d i s t i l l e d  f rom t h e  s e l v e s  
t h r o u g h  a  15 cm. V ig reux  column. The main f r a c t i o n  d i s t i l l e d  
a t  94-95°  ( 1 .0  mm.), l i t . 36 b . p .  144° (15 mm.), (40 g . ,
0 .2 8 5  mole, 57# y i e l d ) .  ( I n f r a r e d  sp e c t ru m  n o .  280)
Pheny l  B th y l  S u l f o x i d e .  Pheny l  e t h y l  s u l f i d e  (74 g . ,  
0 .5 0  mole) was added t o  250 ml.  o f  m e thano l  i n  a  5 0 0  ml.  
one -neck  f l a s k  which  was co o led  I n  a  Dry I c e  and a c e to n e  
b a t h  and s t i r r e d  m a g n e t i c a l l y .  t . -B u ty l  h y p o c h l o r i t e 3^ (54 g . ,  
0 .5 0  mole) was added d r o p w is e .  The f l a s k  was a l lo w ed  to  
warm up t o  room t e m p e r a t u r e ,  and t h e  s o l v e n t  was removed 
u n d e r  vacuum. The r e s i d u a l  o i l  was washed w i th  5# sodium 
c a r b o n a te  and t a k e n  up  i n  e t h e r .  The e t h e r  s o l u t i o n  was 
d r i e d  o v e r  anhydrous  magnesium s u l f a t e  and f i l t e r e d .  The 
e t h e r  was removed u n d e r  vacuum, and t h e  r e m a in in g  o i l  was 
d r i e d  o v e r  Linde 13X m o le c u l a r  s e l v e s .  The o i l  was d i s t i l l e d  
f rom  t h e  s e l v e s  t h r o u g h  a  15 cm. V igreux  column. The main 
f r a c t i o n  d i s t i l l e d  a t  91 -92°  (0 .5  mm.), l i t . " ^  b . p .  101- 
102° (1 mm.), (4 6 .3  g» ,  0 .3 0  mole ,  60# y i e l d ) .  ( I n f r a r e d  
s p e c t ru m  n o .  893)
Pheny l  I s o n r o p y l  S u l f o x i d e .  A 1 - l i t e r  t h r e e - n e c k e d  
f l a s k  was f i t t e d  w i t h  a  r e f l u x  c o n d e n s e r  and d ro p p in g  f u n n e l .  
Magnesium t u r n i n g s  (1 4 .6  g . ,  0 .6 0  mole) and 500 m l.  of  an ­
hydrous  e t h e r  were added t o  t h e  f l a s k  and s t i r r e d  m a g n e t i c a l l y .  
I s o p r o p y l  bromide (57 m l . ,  0 .6 0  mole)  was added d ro p w is e .
A 2 - l i t e r  t h r e e - n e c k e d  f l a s k  was f i t t e d  w i t h  a  s t i r r e r ,
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59d ro p p in g  f u n n e l ,  and d r y i n g  t u b e .  Methyl b e n z e n e s u l f i n a t e  
(9 2 .5  g . ,  0 .6 2 0  m ole)  and 500 ml.  o f  anhydrous  e t h e r  were 
added t o  t h e  f l a s k  w h ich  was coo led  i n  an i c e  b a t h .  The 
G r ig n a rd  r e a g e n t  was added d ro p w ise  w h i l e  t h e  e s t e r  s o l u t i o n  
was s t i r r e d  v i g o r o u s l y .  The s o l u t i o n  was h y d ro ly z e d  w i t h  
s a t u r a t e d  ammonium c h l o r i d e  s o l u t i o n  u n t i l  l a r g e  lumps o f  
p r e c i p i t a t e  fo rm ed .  The c l e a r  e t h e r  l a y e r  was d e c a n t e d ,  and 
t h e  p r e c i p i t a t e  d i s s o l v e d  i n  w a t e r .  The w a t e r  s o l u t i o n  was 
e x t r a c t e d  w i th  e t h e r .  The e t h e r  l a y e r s  were  combined,  and 
th e  e t h e r  removed u n d e r  vacuum. The rem a in in g  o i l  was added 
t o  a  b e a k e r  c o n t a i n i n g  150 m l.  of  35$ p e r c h l o r i c  a c i d .  I t  
was c o m p le t e ly  s o l u b l e  i n  t h i s  s o l u t i o n  which  was t h e n  e x ­
t r a c t e d  w i t h  ca rb o n  t e t r a c h l o r i d e .  Upon add ing  t h e  c a rb o n  
t e t r a c h l o r i d e  and e x t r a c t i n g ,  an o i l y  l a y e r  s e p a r a t e d  o u t  on 
to p  o f  t h e  a c id  s o l u t i o n .  T h is  l a y e r  was s e p a r a t e d ,  and upon 
n e u t r a l i z i n g  i n  sodium c a r b o n a t e  s o l u t i o n ,  i t  went i n t o  
s o l u t i o n  c o m p le t e l y .  I t  was f o r c e d  o u t  of  s o l u t i o n  by 
s a t u r a t i o n  o f  t h e  s o l u t i o n  w i t h  sodium c h l o r i d e .  The s o l u t i o n  
was e x t r a c t e d  w i t h  c h l o r o f o r m .  T h is  was d r i e d  o v e r  anhydrous  
magnesium s u l f a t e  and f i l t e r e d .  The c h lo ro fo rm  was removed 
u n d e r  vacuum, and th e  r e s i d u a l  o i l  d i s t i l l e d  w i t h o u t  column.
The main f r a c t i o n  d i s t i l l e d  a t  8 5 -8 6 °  (0 .2 5  mm.), l l t . ^ °  
b . p .  127° (7 mm.), (29*4 g . ,  0.174- mole ,  35$ y i e l d ) .  ( I n f r a r e d  
sp ec t ru m  no .  3904)
Phenyl  t - B u t y l  S u l f o x i d e .  A 1 - l i t e r  t h r e e - n e c k e d  f l a s k  
was f i t t e d  w i t h  a  r e f l u x  c o n d e n s e r  and d ro p p in g  f u n n e l .  Mag­
nes ium  t u r n i n g s  (7*3 g*» 0 . 3 0  mole) and 250 ml.  o f  anhydrous
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e t h e r  were added t o  t h e  f l a s k  and s t i r r e d  m a g n e t i c a l l y .  
t - B u t y l  c h l o r i d e  (3 2 .8  m l . ,  0 .3 0  mole) was. added d ro p w is e .
A 1 - l i t e r  t h r e e - n e c k e d  f l a s k  was f i t t e d  w i t h  a  s t i r r e r ,  
d ro p p in g  f u n n e l ,  and d r y i n g  t u b e .  Methyl b e n z e n e s u l f i n a t e  
(48 g . ,  0 . 3 0  mole) and 300  ml.  o f  anhydrous  e t h e r  were added 
t o  t h e  f l a s k  which  was co o led  i n  an i c e  b a t h .  The G r ig n a rd  
r e a g e n t  was added d ro p w is e  w h i l e  t h e  e s t e r  s o l u t i o n  was 
s t i r r e d  v i g o r o u s l y .  The s o l u t i o n  was h y d ro ly z e d  w i t h  s a t ­
u r a t e d  ammonium c h l o r i d e  s o l u t i o n  u n t i l  l a r g e  lumps o f  p r e ­
c i p i t a t e  d i s s o l v e d  i n  w a t e r .  The w a t e r  s o l u t i o n  was e x t r a c t e d  
w i t h  e t h e r .  The e t h e r  l a y e r s  were combined, and th e  e t h e r  
was removed u n d e r  vacuum. The rem a in in g  o i l  was added t o  a 
b e a k e r  c o n t a i n i n g  150 ml.  o f  35$ p e r c h l o r i c  a c i d .  I t  was 
c o m p le t e ly  s o l u b l e  i n  t h i s  s o l u t i o n  which  was t h e n  e x t r a c t e d  
w i t h  c a rb o n  t e t r a c h l o r i d e .  Upon a d d in g  t h e  c a rb o n  t e t r a ­
c h l o r i d e  and e x t r a c t i n g ,  an o i l y  l a y e r  s e p a r a t e d  out. .on 
to p  of  t h e  a c i d  s o l u t i o n .  This  l a y e r  was s e p a r a t e d ,  and 
upon n e u t r a l i z i n g  i n  sodium c a r b o n a t e  s o l u t i o n ,  i t  went i n t o  
s o l u t i o n  c o m p le t e ly .  I t  was f o r c e d  o u t  o f  s o l u t i o n  by 
s a t u r a t i o n  w i t h  sodium c h l o r i d e .  The s o l u t i o n  was e x t r a c t e d  
w i t h  c h l o r o f o r m .  T h is  was d r i e d  o v e r  anhydrous  magnesium 
s u l f a t e  and f i l t e r e d .  The c h lo ro fo rm  was removed u n d e r  vacuum, 
and th e  r e s i d u a l  o i l  was b o i l e d  w i t h  low b o i l i n g  p e t ro le u m  
e t h e r .  The s u l f o x i d e  was r e c r y s t a l l i z e d  from p e t ro le u m  e t h e r ;  
m .p .  5 6 . 5 - 5 7 . 5 ° ,  l i t . 40 m.p. 58 -5 9 °  ( e t h a n o l ) ,  (22 g . ,  0 .1 2 0  
mole ,  4C$ y i e l d ) .  ( I n f r a r e d  sp e c t ru m  n o .  3905)
p -H i t rophen .v l  Methyl S u l f o x i d e .  p - N i t r o p h e n y l  m ethyl
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s u l f i d e  (4 2 .2  g . ,  0 .2 5  mole) and 300  ml.  o f  m e th an o l  were 
added t o  a 1 - l i t e r  o n e -n ec k  f l a s k  which  was co o led  i n  an i c e  
h a t h  and s t i r r e d  m a g n e t i c a l l y .  The s u l f i d e  d id  n o t  go i n t o  
s o l u t i o n  c o m p le t e ly .  £ - B u ty l  h y p o c h l o r i t e  (27 g .»  0 .250  
mole) was added d ro p w is e  t o  t h e  r e a c t i o n  f l a s k .  The r e a c t i o n  
m ix tu re  t u r n e d  a  d a r k  brown c o l o r  upon a d d i t i o n  o f  t h e  £ - b u t y l  
h y p o c h l o r i t e .  By t h e  end o f  t h e  a d d i t i o n ,  t h e  s o l u t i o n  was 
c o m p le te ly  homogeneous. The r e a c t i o n  f l a s k  was a l low ed  t o  
come t o  room t e m p e r a t u r e  w h i le  s t i r r i n g  f o r  ab o u t  4 h r .
During  t h i s  t im e ,  c r y s t a l s  came o u t  o f  s o l u t i o n .  They were 
c o l l e c t e d  and a i r  d r i e d .  The c r y s t a l s  were l i g h t  brown i n  
c o l o r .  These were  t h e n  d e c o l o r i z e d  u s i n g  F o r i t  and r e ­
c r y s t a l l i z e d  from 95% e t h a n o l .  The f i n a l  p r o d u c t  was l i g h t  
y e l lo w ;  m.p. 14 8 -1 4 9 ° ,  l i t . ^  m.p. 149° ( e t h a n o l ) ,  (25*4 g . ,  
0 .1 5 0  mole,  60$ y i e l d ) .  ( I n f r a r e d  s p e c t ru m  n o .  915)
p -T o lv iM e th y l  S u l f o x i d e .  p - T o l y l  m e thy l  s u l f i d e  
(5 0 .5  g . ,  0 .37  mole)  was added to  250 ml.  o f  m e thano l  i n  a  
500 ml.  one-neck  f l a s k  which  was co o led  i n  an i c e  b a t h  and 
s t i r r e d  m a g n e t i c a l l y .  i - B u t y l  h y p o c h l o r i t e  (38 g . ,  0 .5 2 0  
mole) was added t o  t h e  r e a c t i o n  f l a s k  d r o p w is e .  A f t e r  a d ­
d i t i o n  of  t h e  t - b u t y l  h y p o o h l o r l t e ,  t h e  r e a c t i o n  f l a s k  was 
a l low ed  t o  warm up to  room t e m p e r a t u r e .  The s o l v e n t  was r e ­
duced t o  a  volume o f  100 ml. Then 5$ sodium c a r b o n a te  (150 
m l . )  was added to  t h e  f l a s k ,  and an o i l  s e p a r a t e d  o u t .  The 
o i l  was t a k e n  up i n  e t h e r ,  d r i e d  o v e r  anhydrous  magnesium 
s u l f a t e  and f i l t e r e d .  The e t h e r  was removed u n d e r  vacuum, 
and t h e  r em a in in g  o i l  was d r i e d  o v e r  Linde 13X. m o le c u l a r  s e l v e s .
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The o i l  was d i s t i l l e d  f rom t h e  s e l v e s  t h r o u g h  a  15 cm.
Vigreux column. The main f r a c t i o n  d i s t i l l e d  a t  92-93°
( 0 .2  mm.), m .p .  4 2 -4 3 °  ( e t h e r ) ,  l i t . ^  m.p .  4 3 -4 4 °  ( e t h e r ) ,
(20 g . ,  0 .129  mole ,  35$ y i e l d ) .  ( I n f r a r e d  sp e c t ru m  no 914) 
p-M ethoxyphenyl M ethyl S u l f o x i d e .  £ -M e th o x y th io -  
a n i s o l e  (3 8 .5  g .»  0 .2 5  mole)  was added t o  500 ml. o f  m e thano l  
i n  a  1 - l i t e r  one -neck  f l a s k  which  was co o le d  i n  an a c e t o n e -  
Dry I c e  b a t h  and s t i r r e d  m a g n e t i c a l l y .  t - B u t y l  h y p o c h l o r i t e  
(27 g . ,  0 .2 5 0  mole)  was added d ro p w ise  from a  d ro p p in g  f u n n e l .  
A f t e r  a d d i t i o n  was c o m p le te ,  t h e  s o l u t i o n  was a l low ed  to  warm 
up ,  and a t  -40°  some sodium c a r b o n a t e  was added t o  t h e  f l a s k .  
Upon r e a c h in g  room t e m p e r a t u r e ,  t h e  m e th an o l  was removed 
u n d e r  vacuum. E t h e r  was added t o  t h e  r e s i d u a l  o i l  and s o l i d  
r em a in in g  i n  t h e  f l a s k .  T h is  s o l u t i o n  was d r i e d  o v e r  anhy­
d ro u s  magnesium s u l f a t e  and f i l t e r e d .  The e t h e r  was removed 
u n d e r  vacuum, and t h e  r e m a in in g  o i l  was d r i e d  o v e r  Linde 13X 
m o le c u la r  s e l v e s .  The o i l  was d i s t i l l e d  from t h e  s e l v e s  
t h r o u g h  a 15 cm. V ig reux  column. The main f r a c t i o n  d i s t i l l e d  
a t  122-123° (0 .2 5  mm.), l i t . 41 b . p .  153-154°  (5 mm.), (32 g . ,  
0 .188  mole ,  75$ y i e l d ) .  ( I n f r a r e d  sp e c t ru m  n o .  2657)
p -Q h lo ro p h e n y l  Methyl S u l f o x i d e .  j t -O h lo ro p h en y l  
m e th y l  s u l f i d e  (39 .6  g . ,  0 .2 5 0  mole) was added to  500  ml.  
o f  m e thano l  i n  a  1 - l i t e r  one -neck  f l a s k  which  was co o led  i n  
an a c e to n e -D ry  I c e  b a t h  and s t i r r e d  m a g n e t i c a l l y .  I j -B u ty l  
h y p o c h l o r i t e  (27 g .»  0 .2 5 0  mole) was added d ro p w ise  from a  
d ro p p in g  f u n n e l .  A f t e r  a d d i t i o n  was c o m p le te ,  t h e  s o l u t i o n  
was a l low ed  t o  warm u p ,  and a t  -4 0 °  some sodium c a r b o n a te  was
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added t o  t h e  f l a s h .  Upon r e a c h i n g  room t e m p e r a t u r e ,  t h e  
m e thano l  was removed u n d e r  vacuum. E t h e r  was added t o  t h e  
r e s i d u a l  o i l  and s o l i d  re m a in in g  i n  t h e  f l a s k .  T h is  s o l u t i o n  
was d r i e d  o v e r  anhydrous  magnesium s u l f a t e  and f i l t e r e d .
The e t h e r  was removed u n d e r  vacuum, and t h e  re m a in in g  o i l  
was d r i e d  o v e r  L inde 13X m o le c u l a r  s e l v e s .  The o i l  was d i s ­
t i l l e d  from t h e  s e l v e s  t h r o u g h  a 15 cm. V ig reux  column.
The main f r a c t i o n  d i s t i l l e d  a t  94-100°  (0 .0 5  mm.), and 
c r y s t a l l i z e d  upon s t a n d i n g .  The s u l f o x i d e  was r e c r y s t a l l i z e d  
f rom e t h e r ;  m .p .  4 6 - 4 7 ° ,  l i t . 41 m .p .  4 7 -4 8 °  ( e t h e r ) ,  b . p .  
135-156° (5 mm.), ( 2 5 .3  g .«  0 .145  mole ,  58$ y i e l d ) .
m -O hlorophenvl  Methyl S u l f o x i d e .  m -Ohlorophenyl 
m e th y l  s u l f i d e  (56 .7  g . ,  0 .3 6 0  mole) was added t o  500 ml.  
o f  m ethano l  i n  a  1 - l i t e r  one-neck  f l a s k  w h ich  was c o o le d  i n  
an ac e to n e -D ry  I c e  b a t h  and s t i r r e d  m a g n e t i c a l l y .  t - B u t y l  
h y p o c h l o r i t e  (38 g . ,  0 .3 6 0  mole) was added d ro p w ise  from a  
d ro p p in g  f u n n e l .  A f t e r - a d d i t i o n  o f  t h e  h y p o c h l o r i t e ,  t h e  
s o l u t i o n  was a l lo w ed  t o  warm up ,  and a t  -4 0 °  sodium c a r b o n a te  
was added .  Upon r e a c h i n g  room t e m p e r a t u r e ,  t h e  m e thano l  was 
removed u n d e r  vacuum. The r e s i d u a l  o i l  and some ex c ess  sodium 
c a rb o n a te  were t a k e n  up i n  e t h e r ,  d r i e d  o v e r  anhydrous  mag­
nes ium  s u l f a t e ,  and f i l t e r e d .  The e t h e r  was removed u n d e r  
vacuum, and t h e  re m a in in g  o i l  was d r i e d  o v e r  L inde 13X mole­
c u l a r  s e l v e s .  The o i l  was d i s t i l l e d  t h r o u g h  a  15 cm. V igreux  
column. The main f r a c t i o n  d i s t i l l e d  a t  125-126°  (1 .3  mm.), 
l i t . 41 b . p .  100-101°  ( 0 .1 0  mm.), (30 g . ,  0 .1 1 4  mole ,  32$ 
y i e l d ) .  ( I n f r a r e d  sp e c t ru m  n o .  2562)
m -T o lv l  M ethvl  S u l f o x i d e .  )&-Tolyl m e thy l  s u l f i d e
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(59 g . f  0 .4 3 0  mole) was added to  5 0 0  m l .  o f  m e thano l  I n  a  1- 
l i t e r  on e -n ec k  f l a s k  w h ich  was c o o le d  i n  an a c e to n e -D ry  I c e  
h a t h  and s t i r r e d  m a g n e t i c a l l y .  t - B u t y l  h y p o c h l o r i t e  (4 6 .5  g» ,  
0 .4 3 0  mole)  was added d ro p w ise  f rom  a  d r o p p in g  f u n n e l .  A f t e r  
a d d i t i o n  o f  t h e  h y p o c h l o r i t e ,  t h e  same p r o c e d u re  was fo l lo w e d  
a s  f o r  t h e  jm-methoxyphenyl m e thy l  s u l f o x i d e .  The main f r a c t i o n  
d i s t i l l e d  a t  94° (0 .3 5  mm..,), l i t . 41 h . p .  126-127°  (3 mm.),
(25 g . ,  0 .1 6 2  mole ,  3 8 $ y i e l d ) .  ( I n f r a r e d  sp e c t ru m  n o .  3754) 
m -N i t ro p h e n y l  M ethyl S u l f o x i d e .  m ,-Nitrophenyl m e thy l  
s u l f i d e  (4 3 .5  g . ,  0 .2 5 0  mole) was added t o  500 ml.  o f  m e thano l  
i n  a 1 - l i t e r  one -neck  f l a s k  w hich  was co o le d  i n  an  a c e t o n e -  
Dry I c e  h a t h  and s t i r r e d  m a g n e t i c a l l y .  The s u l f i d e  c r y s ­
t a l l i z e d  o u t  of  t h e  a l c o h o l  upon c o o l i n g .  t - B u t y l  hypo­
c h l o r i t e  (27 g . ,  0 .2 5 0  mole) was added d ro p w ise  from a 
d r o p p in g  f u n n e l .  A f t e r  t h e  a d d i t i o n ,  t h e  f l a s k  was a l low ed  
t o  come t o  room t e m p e r a t u r e .  Then sodium c a r b o n a t e  was added ,  
and t h e  m e thano l  was red u ced  i n  volume u n d e r  vacuum. The 
volume was t a k e n  down t o  100 m l . ,  and t h e  m e thano l  was th e n  
h e a t e d  to  b o i l i n g  and f i l t e r e d  t o  remove t h e  i n s o l u b l e  s a l t s .  
The s u l f o x i d e  c r y s t a l l i z e d  ou t  o f  t h e  h o t  a l c o h o l  s o l u t i o n  
upon o o o l i n g .  The s u l f o x i d e  was c o l l e c t e d  and r e c r y s t a l l i z e d  
s e v e r a l  t im e s  f rom  95$ e t h a n o l ;  m .p .  1 1 5 -1 1 6 ° ,  l i t . 41 m .p .  
117-118°  ( e t h a n o l ) ,  (25 g .»  0 .135  m ole ,  54$ y i e l d ) .  ( I n f r a r e d  
sp e c t ru m  n o .  3384)
m-Methoxyphenyl M ethyl S u l f o x i d e .  m-Methoxyphenyl 
m e th y l  s u l f i d e  (3 2 .4  g . ,  0 .2 1 0  mole)  was added t o  500 m l.  o f  
m e th an o l  i n  a  1 - l i t e r  on e -n ec k  f l a s k  w hich  was co o led  i n  an 
a c e to n e -D ry  I c e  b a t h  and s t i r r e d  m a g n e t i c a l l y .  t - B u t y l
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h y p o c h l o r i t e  (2 2 .7  g . ,  0 .2 1 0  mole) was added d ro p w is e .  A f t e r  
a d d i t i o n  was c o m p le t e ,  t h e  s o l u t i o n  was a l lo w ed  to  warm up, 
and a t  -4 0 °  sodium c a r b o n a t e  was ad ded .  Upon r e a c h in g  room 
t e m p e r a t u r e ,  t h e  m e th an o l  was removed u n d e r  vacuum, and t h e  
r e s i d u a l  o i l  t a k e n  up i n  e t h e r .  T h is  s o l u t i o n  was d r i e d  
o v e r  anhydrous  magnesium s u l f a t e  and f i l t e r e d .  The e t h e r  
was removed u n d e r  vacuum, and t h e  r e s i d u a l  o i l  was added t o  
100 ml.  o f  35$ p e r c h l o r i c  a c i d .  T h is  s o l u t i o n  was e x t r a c t e d  
w i t h  ca rb o n  t e t r a c h l o r i d e ,  and t h e  a c id  s o l u t i o n  was n eu ­
t r a l i z e d  w i t h  sodium c a r b o n a t e .  The s o l u t i o n  was t h e n  s a ­
t u r a t e d  w i t h  sodium c h l o r i d e ,  and t h e  s u l f o x i d e  was s e p a r a t e d  
from t h e  s o l u t i o n .  The s o l u t i o n  was e x t r a c t e d  w i t h  o h lo ro fo rm ,  
and t h e  e x t r a c t s  were combined w i t h  t h e  s u l f o x i d e .  The 
s o l u t i o n  was d r i e d  o v e r  anhydrous  magnesium s u l f a t e  and 
f i l t e r e d .  The c h lo ro f o rm  was removed u n d e r  vacuum, and t h e  
r e s i d u a l  o i l  was d r i e d  o v e r  Linde 13X m o le c u l a r  s e l v e s .  The 
s u l f o x i d e  was d i s t i l l e d  from t h e  s e l v e s  w i th o u t  a  column.
The main f r a c t i o n  d i s t i l l e d  a t  103-104°  (0 .2 0  mm.), l i t  
b . p .  125-127° (16-17 mm.), (15 g . ,  0 .088  mole ,  42$ y i e l d ) .  
( I n f r a r e d  sp ec t ru m  n o .  2592)
o l s - 4 - ( 4 - 0 h l o r o p h e n y l ) - T h i a n e - l - O x i d e . T h is  s u l f o x i d e
was p r e p a r e d  a c c o r d in g  t o  t h e  p ro c e d u re  g iv e n  by Johnson  and 
43McOants. A 1 - l i t e r  o n e -n ec k  f l a s k  was f i l l e d  w i t h  500 ml.  
o f  m e thano l  and 4 - ( 4 - o h l o r o p h e n y l ) - t h l a n e  (16 g . ,  0 .075  m o le ) .  
The f l a s k  was c o o le d  i n  a Dry I c e  and a c e to n e  b a t h  w h i le  b e in g  
s t i r r e d  m a g n e t i c a l l y .  Upon c o o l i n g  t h e  s u l f i d e  c r y s t a l l i z e d  
ou t  o f  t h e  m e th a n o l .  t - B u t y l  h y p o c h l o r i t e  (8 .6 4  g . ,  0 .0 8  mole)
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was added d r o p w is e .  The s u l f i d e  g r a d u a l l y  went i n t o  s o l u t i o n  
as  t h e  t - b u t y l  h y p o c h l o r i t e  was ad d ed ,  and i t  was s t i r r e d  f o r  
an a d d i t i o n a l  h a l f  h o u r .  The s o l u t i o n  was a l lo w ed  t o  warm 
up, and a t  ab o u t  -4 0 °  anhydrous  sodium c a r b o n a t e  (2 g . )  was 
a d d e d . The m ix tu r e  was s t i r r e d  u n t i l  i t  r e a c h e d  room te m p e r ­
a t u r e .  The s o l i d  r e m a in in g  was f i l t e r e d  o f f ,  and t h e  a l c o h o l  
removed u n d e r  vacuum. As t h e  volume o f  t h e  m e thano l  was r e ­
duced more s o l i d  came o u t  o f  s o l u t i o n .  The volume was r e ­
duced t o  ab o u t  150 m l . ,  and t h e  s o l i d  removed by f i l t r a t i o n .
The m e thano l  was a g a i n  red u ce d  i n  volume u n t i l  a t h i c k  p a s t e ­
l i k e  s o l i d  rem a in ed .  T h is  was added t o  200 ml.  o f  e t h y l  
a c e t a t e  and h e a t e d  t o  b o i l i n g .  The s o l u t i o n  was f i l t e r e d ,  
and t h e  e t h y l  a c e t a t e  r e d u c e d  i n  volume. A s o l i d  was o b t a i n e d .  
Th is  was r e c r y s t a l l i z e d  tw ic e  f rom  e t h y l  a c e t a t e ,  m .p .  170-  
171° ,  l i t . 43 m.p .  1 7 2 - 1 7 2 .5 ° ,  (6 g . ,  0 . 0 2 6  mole ,  34# y i e l d ) .
t r a n s - 4 - (4 - C ? h lo ro  p h e n y l ) - T h i a n e - l - O x i d e . T h is  s u l ­
f o x i d e  was p r e p a r e d  by t h e  i n v e r s i o n  o f  t h e  c o n f i g u r a t i o n  
o f  t h e  c i s  I so m er  a c c o r d i n g  t o  t h e  p ro c e d u re  o f  Johnson  and 
MeGants, J r . 44 c i s - 4 - ( 4 - 0 h l o r o p h e n y l ) - t h i a n e - l - o x i d e  (4 g . ,
0 .016  mole) i n  30  ml.  o f  d r y  m e th y len e  c h l o r i d e  was added
45t o  t r i e t h y l o x o n i u m  f l u o r o b o r a t e  and s t i r r e d  f o r  30 min.  
a t  room t e m p e r a t u r e .  A d d i t i o n  of  anhydrous  e t h e r  a t  0°
t
e f f e c t e d  p r e c i p i t a t i o n  o f  t h e  w h i t e ,  c r y s t a l l i n e  s o l i d .  The 
s o l i d  was washed w i t h  s e v e r a l  p o r t i o n s  o f  d r y  e t h y l  e t h e r  
and d r i e d  u n d e r  a s t r e a m  o f  d r y  n i t r o g e n .  A s o l u t i o n  o f  0.2N 
sodium h y d ro x id e  (75 m l . )  was added t o  t h e  s o l i d  and s t i r r e d .  
The t r a n s  s u l f o x i d e  p r e c i p i t a t e d  o u t  as  s h in y  p l a t e l e t s .  The
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p ro d u c t  was r e c r y s t a l l i z e d  f rom e t h y l  a c e t a t e - h e x a n e ,  m .p .
44
119-120 ,  l i t .  m .p .  1 2 0 -1 2 0 .5 ,  (5 g . ,  0 .0 1 5  m ole ,  80# y i e l d ) .
I I .  K i n e t i c  P ro c e d u re s
A. M a t e r i a l s
The s u l f o x i d e s  s t u d i e d  were o b ta i n e d  by t h e  s y n t h e t i c  
p ro c e d u r e s  d e s c r i b e d  p r e v i o u s l y .
Baker  and Adamson r e a g e n t  g rad e  70# p e r c h l o r i c  a c i d  
was used  to  p r e p a r e  t h e  s t o c k  a c id  s o l u t i o n s .
M a l l in lc rod t  a n a l y t i c a l  r e a g e n t  g rad e  sodium i o d i d e  
d r i e d  a t  125° f o r  s e v e r a l  h o u rs  was u sed  t o  p r e p a r e  t h e  
sodium i o d i d e  s t o c k  s o l u t i o n s .
B. P r e p a r a t i o n  o f  S tock  S o l u t i o n s .
S u l f o x i d e  s o l u t i o n s  were p r e p a re d  by w e ig h in g  o u t  t h e  
s u l f o x i d e  i n  a  10 ml.  v o l u m e t r i c  f l a s k .  The f l a s k  was f l u s h e d  
w i t h  a  s t r e a m  of  pu re  n i t r o g e n  and capped w i t h  a  serum ca p .
I t  was f i l l e d  t o  t h e  mark u s in g  a s y r i n g e  c o n t a i n i n g  p e r ­
c h l o r i c  a o id  s t o c k  s o l u t i o n .
P e r c h l o r i c  a c id  s o l u t i o n s  were p r e p a r e d  by ad d in g  
a  c a l c u l a t e d  amount o f  c o n c e n t r a t e d  p e r c h l o r i c  a c i d  t o  a 
200 ml.  v o l u m e t r i c  f l a s k .  The f l a s k  was f l u s h e d  w i t h  pu re  
n i t r o g e n  and capped w i t h  a  serum c a p .  Using a  s y r i n g e ,  t h e  
f l a s k  was f i l l e d  t o  t h e  mark w i t h  d i s t i l l e d  w a t e r  which  had 
been  r e f l u x e d  and c o o le d  u n d e r  a s t r e a m  o f  p u re  n i t r o g e n  to  
remove d i s s o l v e d  oxygen.  The f l a s k  was c o o le d  i n  an i c e  b a t h  
d u r in g  th e  a d d i t i o n  o f  t h e  d i s t i l l e d  w a t e r .
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Sodium i o d i d e  s o l u t i o n s  were p r e p a r e d  by ad d in g  a c a l c u l a t e d  
amount o f  d ry  sodium i o d i d e  t o  a 100 ml.  v o l u m e t r i c  f l a s k .  
The f l a s k  was f l u s h e d  w i t h  pu re  n i t r o g e n  and capped w i t h  
a  serum c a p .  Using a  s y r i n g e ,  t h e  f l a s k  was f i l l e d  t o  t h e  
mark w i t h  oxygen f r e e  d i s t i l l e d  w a t e r .
0 .  P r e p a r a t i o n  o f  R e a c t io n  V e s s e l s .
The r e a c t i o n  v e s s e l s  were 125 ml.  E r lenm eyer  f l a s k s .  
Bach f l a s k  was washed w i t h  a soap s o l u t i o n ,  r i n s e d ,  washed 
w i th  a c e to n e ,  r i n s e d  s e v e r a l  t im e s  w i t h  w a t e r  and a l low ed  
t o  d r y .  The d ry  f l a s k  was f l u s h e d  w i t h  pu re  n i t r o g e n  f o r  
s e v e r a l  m inu tes  and capped  w i t h  a serum c a p .
D_. P r e p a r a t i o n  o f  K i n e t i c  S o l u t i o n s  .
Bach of  t h e  r e a c t i o n  v e s s e l s  was f i r s t  f i l l e d  w i t h  
10 m l.  of t h e  sodium i o d i d e  s o l u t i o n  by means o f  a s y r i n g e .  
Then 14 ml.  o f  t h e  p e r c h l o r i c  a c id  s o l u t i o n  was added t o  
each  o f  t h e  r e a c t i o n  v e s s e l s  by means o f  a s y r i n g e .  The 
s o l u t i o n  was s t i r r e d  by g e n t l y  s w i r l i n g  t h e  f l a s k s .  The 
f l a s k s  were p la c e d  i n  a c o n s t a n t  t e m p e r a t u r e  b a t h  s e t  f o r  
35£0 . 0 2 ° 0 .  A l l  ru n s  were c a r r i e d  o u t  a t  t h i s  t e m p e r a t u r e .  
A f t e r  r e a c h in g  b a t h  t e m p e r a t u r e ,  1 m l . of t h e  s u l f o x i d e  
s o l u t i o n  was added to  each  of  t h e  r e a c t i o n  v e s s e l s  by means
of  a  s y r i n g e ,  and th e  t im e  re c o rd e d  a t  each  a d d i t i o n .  Each
r e a c t i o n  v e s s e l  has  a t o t a l  volume of  25 ml.  o f  s o l u t i o n .
At t h e  end o f  t h e  a p p r o p r i a t e  t im e ,  each  v e s s e l  was co o led  
and c ru sh e d  i c e  added to  quench  t h e  r e a c t i o n .  The i o d i n e  
l i b e r a t e d  by t h e  r e a c t i o n  was t i t r a t e d  w i t h  s t a n d a r d  sodium
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t h i o s u l f a t e  s o l u t i o n ,  and t h e  a c i d  c o n c e n t r a t i o n  o f  t h e  runs  
was d e te rm in e d  by t i t r a t i o n  w i t h  s t a n d a r d i z e d  0.1N sodium 
h y d r o x id e .
j
E. D e t e r m i n a t i o n  o f  Ra te  C o n s t a n t s .
The pseudo f i r s t - o r d e r  r a t e  c o n s t a n t s  were o b t a i n e d  
by p l o t t i n g  t h e  l o g  o f  t h e  c o n c e n t r a t i o n  v s .  t im e  and d e ­
t e r m i n i n g  t h e  s l o p e  o f  t h e  l i n e .  The r a t e  c o n s t a n t  was 
o b ta in e d  from t h e  e q u a t i o n .
k=a - 2 . 3 0 3  x ( s l o p e )
The r a t e  c o n s t a n t  f o r  t h e  r e d u c t i o n  o f  p heny l  t - b u t y l  
s u l f o x i d e  was e s t i m a t e d ,  b ec a u se  u n d e r  t h e  c o n d i t i o n s  of  
t h e  r e a c t i o n ,  t h e  r a t e  o f  r e d u c t i o n  was much s lo w e r  t h a n  
th e  o x i d a t i o n  o f  i o d i d e  i o n  by t r a c e s  o f  d i s s o l v e d  oxygen 
i n  t h e  k i n e t i c  s o l u t i o n .  T h e r e f o r e ,  t h e  amount o f  i o d i n e  
formed as  t h e  r e s u l t  of  t h e  r e d u c t i o n  o f  t h e  s u l f o x i d e  cou ld  
n o t  be d e te rm in e d  w i t h  any d e g r e e  o f  c e r t a i n t y .
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SUMMARY
The p u rp o se  o f  t h e  work p r e s e n t e d  i n  t h i s  d i s s e r t a t i o n  
was t o  d e t e r m in e  t h e  mechanism o f  t h e  r e d u c t i o n  o f  s u l f o x i d e s  
i n  a c i d i c  i o d i d e  i o n  s o l u t i o n .  The r e s u l t s  o b t a i n e d  p ro v id e  
i n f o r m a t i o n  b e a r i n g  on t h e  mechanism o f  t h e  r e d u c t i o n ,  b u t  t h e y  
do n o t  p e r m i t  t h e  d e t e r m i n a t i o n  o f  t h e  e x a c t  mechanism o f  t h i s  
r e a c t i o n .
The k i n e t i c s  o f  t h e  r e d u c t i o n  o f  Borne ph en y l  a l k y l  
m e ta -  and p a r a - s u b s t i t u t e d  ph en y l  m ethy l  s u l f o x i d e s  were 
s t u d i e d  i n  aqueous p e r c h l o r i c  a c id  and sodium i o d i d e .  The 
k i n e t i c s  o f  t h e  r e d u c t i o n  o f  c i s -  and t r a n s - 4 - ( 4 - o h l o r o -  
p h e n y l ) - t h i a n e - l - o x i d e  were  s t u d i e d  i n  aqueous a c e t i c  a c id  
c o n t a i n i n g  p e r c h l o r i c  a c id  and sodium i o d i d e .
I t  was found t h a t  t h e  r e d u c t i o n  was f i r s t - o r d e r  w i t h  
r e s p e c t  to  s u l f o x i d e ,  f i r s t - o r d e r  w i t h  r e s p e c t  t o  i o d i d e  i o n ,  
and was a c id  c a t a l y z e d .
The b a s i c  n a t u r e  o f  s u l f o x i d e s ,  t h e  o b se rv ed  dependence
of  t h e  r a t e  on a c i d  c o n c e n t r a t i o n ,  and p r e v i o u s  work on t h e
mechanism o f  t h i s  r e a c t i o n  by o t h e r s  a r e  u sed  as  s u p p o r t  f o r
a  r a p i d  p r o t o n - s u l f o x i d e  e q u i l i b r i u m  as  t h e  f i r s t  s t e p  i n  t h e
r e a c t i o n .  A p l o t  o f  l o g  , v e r s u s  -H w h ich  r e s u l t e d  i n
a  l i n e  w i t h  a s lo p e  c l o s e  t o  two and t h e  p r e v io u s  work done
5on t h e  r e d u c t i o n  i n  d im e th y l  s u l f o x i d e  by K rueger  a r e  u se d  to  
s u p p o r t  t h e  p o s s i b i l i t y  o f  s e c o n d - o r d e r  dependence  upon hydrogen  
i o n  f o r  t h e  r e a c t i o n s  s t u d i e d  i n  t h i s  d i s s e r t a t i o n .
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A s tu d y  o f  t h e  e f f e c t  o f  I n c r e a s i n g  t h e  s i z e  of  t h e  
a l k y l  g roup  on p h e n y l  a l k y l  s u l f o x i d e s  showed t h a t ,  a s  t h e  
g roup was changed from m e th y l ,  e t h y l ,  i s o p r o p y l  t o  & - b u t y l ,  
t h e  r a t e  o f  t h e  r e a c t i o n  d e c r e a s e d .  The i n t e r p r e t a t i o n  of  t h e  
d e c r e a s e  i n  r e a c t i o n  r a t e  i s  c o m p l ic a te d  by t h e  f a c t  t h a t  
i n c r e a s i n g  t h e  s i z e  o f  t h e  a l k y l  g roup  can i n f l u e n c e  t h e  
e q u i l i b r i u m  s t e p  a s  w e l l  a s  t h e  r a t e - d e t e r m i n i n g  s tep*  S e v e r a l  
e x p l a n a t i o n s  a r e  p o s s i b l e  t o  e x p l a i n  t h e  r e s u l t s  o b t a i n e d .
Based upon t h e  i n f o r m a t i o n  a v a i l a b l e ,  i t  has  b een  assumed t h a t  
t h e  d e c r e a s e  i n  r a t e  o b s e rv e d  f o r  t h e  a l k y l  p h en y l  s u l f o x i d e s  
oan be due t o  a  c o m b in a t io n  o f  t h e  s t e r i c  e f f e c t s  on t h e  
e q u i l i b r i u m  s t e p  and t h e  r a t e - d e t e r m i n i n g  s t e p  and t h a t  t h e  
s t e r i c  e f f e c t  upon t h e  r a t e - d e t e r m i n i n g  s t e p  i s  t h e  p r im a ry  
ca u se  f o r  t h e  r a t e  d e c r e a s e .
Resonance and i n d u c t i v e  e f f e c t s  on t h e  r e a c t i o n  r a t e  
were d e te rm in e d  by s t u d y i n g  a s e r i e s  o f  m e ta-  and p a r a - s u b -  
s t i t u t e d  p heny l  m e thy l  s u l f o x i d e s .  I t  was found  t h a t  a  p l o t  
o f  l o g  k olj0 v e r s u s  <$ r e s u l t e d  i n  a  good s t r a i g h t  l i n e  w i t h  a  
f  ** - 0 . 8 9 1 .  The e f f e c t  o f  s u b s t i t u e n t s  upon t h e  r a t e - d e t e r ­
mining s t e p  was o b t a i n e d  by u s i n g  t h e  a p p a r e n t  pK v a l u e s  o fi fit
t h e s e  s u l f o x i d e s  t o  a c c o u n t  f o r  s u b s t i t u e n t  e f f e c t s  upon t h e  
e q u i l i b r i u m  s t e p .  A p l o t  o f  t h e  l o g  o f  t h e  c a l c u l a t e d  co n ­
s t a n t s  f o r  t h e  r a t e - d e t e r m i n i n g  s t e p  v e r s u s  d  r e s u l t e d  i n  a 
s t r a i g h t  l i n e  w i t h  f  «  + 2 .8 2 .
I f  i t  i s  assumed t h a t  t h e  pK v a l u e s  u s e d  a r e  p r o p o r t i o n a l
i a
t o  t h o s e  f o r  t h e  s u l f o x i d e s  i n  t h e  s o l v e n t  sy s tem  used  i n  t h i s  
s tu d y ,  t h e  p o s i t i v e  s i g n  o f  rho i n d i c a t e s  t h a t  t h e r e  i s  a  d e c r e a s e
■
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i n  p o s i t i v e  c h a rg e  on t h e  r e a c t i o n  c e n t e r  i n  t h e  t r a n s i t i o n  
s t a t e .  The s i g n  o f  rh o  i s  r e a s o n a b l e  f o r  a  mechanism w i t h  
i o d i d e  io n  a t t a c k  on t h e  p o s i t i v e  s u l f u r  i n  an Sn2 ty p e  
d i s p l a c e m e n t .
A mechanism h a s  b een  p roposed  f o r  t h e  r e d u c t i o n  o f  
t h e  s u l f o x i d e s  i n  t h i s  s t u d y .  I t  c o n s i s t s  o f  a  r a p i d  p r o -  
t o n - s u l f o x i d e  e q u i l i b r i u m  a s  t h e  f i r s t  s t e p .  T h is  i s  f o l lo w e d  
by t h e  r a t e - d e t e r m i n i n g  a t t a c k  o f  i o d i d e  i o n  upon t h e  p r o -  
t o n a t e d  s u l f o x i d e  s p e c i e s  w i t h  t h e  d i s p l a c e m e n t  o f  a  h y d ro x y l  
g roup  a id e d  by a  h y d ro n iu m - io n  f rom  t h e  s o l v e n t . The r e s u l t i n g  
h a l o s u l f o n iu m  io n  t h e n  u n d e rg o es  r a p i d  d e c o m p o s i t io n  t o  p r o ­
d u c t s .  T h is  mechanism i s  s p e c u l a t i v e ,  b u t  c o n s i s t e n t  w i t h  
t h e  d a t a  o b t a i n e d .
The s tu d y  of  t h e  e l s -  and t r a n s -4—(4—c h l o r o p h e n y l ) -  
t h i a n e - 1 - o x i d e  showed t h e  t r a n s  i s o m e r  was r e d u ce d  f a s t e r  t h a n  
t h e  e l s  i s o m e r .  A r e a s o n  f o r  t h e  r e s u l t s  o b se rv e d  i s  a t t r i b u t e d  
t o  t h e  p o s s i b l e  f o r m a t i o n  o f  an a c y lo x y s u l f o n iu m  s a l t  i n t e r ­
m ed ia te  w hich  u n d e rg o e s  a t t a c k  by i o d i d e  io n  w i t h  t h e  d i s ­
p lacem en t  o f  an a c e t a t e  i o n .
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Phenyl M ethyl S u lfo x id e
3.00M HCIIO4 , 0.20M Hal '
Run I
tim e (m ln .) c x  10"5 Mole lo g  o
20 1 2 .0 8  " 3 .9 1 7 9
40 1 1 .6 5  - 3 .9 3 3 7
60 1 1 .2 6  - 3 .9 4 8 5
80 1 0 .8 5  -3 .9 6 4 6
100 1 0 .5 4  - 3 .9 7 7 2
120 1 0 .0 6  - 3 .9 9 7 4
140 9 .6 8  - 4 .0 1 4 1
h ol[)S# = 2 .99  x 10 -5  s e c . " 1
Run I I
60 1 2 . 2 6  - 3 .9 1 1 3
120 1 0 .9 8  - 3 .9 5 9 4
180 9 .7 7  - 4 .0 1 0 1
240 9 .0 6  - 4 .0 4 2 9
300 8 .1 6  -4 .0 8 8 3
360 7 .6 3  - 4 .1 1 7 5
k t  -  2 .7 9  x 10” 5 s e c . " 1
O D S  .
Run I I I
60 1 1 .8 3  - 3 .9 2 7 0
120 1 0 .9 7  - 3 .9 5 9 8
180 1 0 .1 2  - 3 .9 9 4 8
240 9 .2 4  - 4 .0 3 4 3
300 8 .4 9  - 4 .0 7 1 1
360 7 .8 9  - 4 .1 0 2 9
420 7 .4 3  -4 .1 2 9 0
k ' o b s  = 2 .3 6  x  10“ 5 s e c . " 1
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Phenyl Methyl Sulfoxide
3.50M HOIO4, 0.20M Ral
Run I
time (mln.) c x 10"*^  Mole log Q
30 1 0 .96  - 3 .9 6 0 2
60 9 .3 7  - 4 .0 2 8 3
90 8 .0 4  -4 .0 9 4 7
120 7 .0 2  -4 .1 5 3 7
150 6 .1 0  -4 .2 1 4 7
180 5 .46  -4 .2 6 2 8
210 5 .0 1  - 4 .3 0 0 2
k o b s .  = 7 *55 x 10*’5 s e c •*"1
Run I I
30 1 1 .0 2  -3 .9 5 7 8
60 9 .3 8  -4 .0 2 7 8
90 8 .1 8  - 4 .0 8 7 3
120 7 .2 0  -4 .1 4 2 7
150 6 .3 4  -4 .1 9 7 9
180 5 .3 3  -4 .2 7 3 3
210 4 .9 0  -4 .3 0 9 8
k o b s .  “ 7 .1 7  x 1 0 " 5
Run I I I
30 1 1 .5 2  -3 .9 3 8 5
60 9 .7 3  - 4 .0 1 1 9
90 8 .4 9  -4 .0 7 1 1
120 7 .4 2  - 4 .1 2 9 6
150 6 .4 6  -4 .1 8 9 8
180 5 .6 9  -4 .2 4 4 9
210 5 .0 6  - 4 .2 9 5 8
k o b s .  = 7 .5 5  x 1 0 -5  s e o . - l
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Phenyl M ethyl S u lfo x id e
4.00M HCIO^# 0.20M Hal
Eun I  
-5c i  10 Mole lo g  c
1 0 .0 6  -3 .9 9 9 7
8 .1 2  -4 .0 9 0 4
6 .7 0  -4 .1 7 3 9
5 .6 0  -4 .2 5 1 8
4 .4 8  -4 .3 4 8 7
3 .7 2  -4 .4 2 9 5
k ofeg. :  2 2 .0 8  x  H f 5 s e c . " 1
Run I I
9 .9 5  -4 .0 0 2 2
8 .0 1  -4 .0 9 6 4
6 .4 8  -4 .1 8 8 4
5 .2 3  -4 .2 8 1 5
4 .3 3  -4 .3 6 3 5
3 .5 3  -4 .4 5 2 2
kQijg, :  2 2 .6 2  x  1 0 "5 s e c .  1
Run I I I
1 0 .1 8  -3 .9 9 2 2
8 .2 4  -4 .0 8 4 1
6 .7 0  -4 .2 0 0 7
5 .4 8  -4 .2 6 1 2
4 .5 8  -4 .3 3 9 1
3 .8 7  -4 .4 1 2 3
3 .1 7 '  - 4 .4 9 8 9
k o b s . : 2 2 *35 x 10“ 5 s e c . " 1
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P heny l M ethyl S u l fo x id e
4.50M H010^» 0.20M Hal
Run I
tim e (m ln .) c x 10"5 Mole lo g  0
10  8 .4 2  -4 .0 7 4 7
15 6 .9 7  -4 .1 5 6 8
20  5 .7 2  -4 .2 4 2 6
25 4 .9 2  -4 .3 0 8 0
30  5 .9 2  -4 .4 0 6 7
35  3 .4 4  -4 .4 6 3 4
k o b s .= 6 0 ,5 0  x 10~5 s e c . " 1
Run XI
10  8 . 2 2  - 4 .0 8 5 1
15 6 .8 7  -4 .1 6 3 0
20  5 . 7 5  -4 .2 4 0 3
25 4 .8 6  -4 .3 1 5 4
30  4 .0 4  -4 .3 9 3 6
35 3 .4 4  -4 .4 6 3 4
k o b s .= 5 9 -03  x 1 0 ~ 5 s e c , ~1
Run I I I
10  9 . 2 8  -4 .0 3 2 4
15 7 .7 1  -4 .1 1 2 9
20  6 .5 2  -4 .1 8 4 7
25 5 .4 4  -4 .2 6 4 4
30 4 .6 3  -4 .3 3 4 4
35  3 . 9 0  -4 .4 0 8 9
k O l D S 5 7 , 5 0  X  1 0 ' 5
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Phenyl M ethyl S u lfo x id e
4.00M HCIO4 , 0.025M Nal
Run I
tim e  (m in .) a x 10” 2M b x 10"3m lo gB a ' b - x ' lo g  b
0 2 .5 0 5 .1 8 •m mm mm «• mm
15 2 .4 7 5 .0 1 0 .0 0 7 3 -2 .3 0 0
30 2 .4 6 4 .9 3 0 .0124 -2 .3 0 7
45 2 .4 4 4 .8 4 0 .0166 -2 .3 1 5
60 2 .4 2 4 .7 6 0 .0204 - 2 .3 2 2
75 2 .4 0 4 .6 4 0 .0274 -2 .3 3 4
90 2 .3 9 4 .6 0 0 .0294 -2 .3 3 7
105 2 .3 7 4 .4 9 0 .0366 -2 .3 4 8
* o b s . J 5 .7 7 x 10~4 1/m ole s e c .
lr •o b s . * 1 .7 8 x 10-5
-1s e c . x
Run I I
0 2 .5 0 5 .0 0 • «  m  tm  « ■  tm  m • *  • •  «M mm mm
30 2 .4 5 4 .7 6 0 .0128 -2 .3 2 2
60 2 .4 2 4 .5 8 0 .0245 -2 .3 3 990 2 .3 8 4 .4 0 0 .0342 -2 .3 5 7120 2 .3 5 4 .2 7 0 .0 4 1 4 -2 .3 7 0
150 2 .3 3 4 .1 4 0 .0515 -2 .3 8 3180 2 .3 0 4 .0 0 0 .0607 -2 .3 9 8
210 2 .2 8 3 .8 8 0 .0700 -2 .4 1 1
^ o b s .  : 5 .8 0  x 1 0 -4 1/raole s e c .  
^ o b s . : 1*^® x  10" ^  s e c . " ^
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Phenyl M ethyl S u lfo x id e
4.0M HC104 , 0.050M Mai
Bun I
t im e  (m in .) a x 10” b x 10"3M io «  5 < t g > lo g  b
0 5 .0 0 5 .0 7 wo mm mm mm mm
30 4 .8 0 4 .6 0 0 .0318 -2 .3 3 7
60 4 .7 4 4 .2 8 0 .0573 -2 .3 6 9
90 4 .6 8 3 .9 5 0 .0871 - 2 .4 0 3
120 4 .6 3 3 .7 0 0 . 1 1 0 6 -2 .4 3 8
150 4 .5 7 3 .4 4 0 .1367 - 2 .4 6 3
180 4 .5 2 3-36 0 .1415 -2 .4 7 4
210 4 .5 1 3 .1 2 0 .1729 -2 .5 0 6
^ o b s . : 7 .6 7  x 10“4 1 /m ole  s e c .
^obs . 1 4 .2 1  x 10” 4
- Is e c .
Bun I I
0 5 .0 0 5 .97 wo mm mm mm mm mm ..............
30 4 .8 9 5 .4 1 0 .0318 -2 .2 6 7
60 4 .8 0 5 .0 0 0 .0581 -2 .3 0 1
90 4 .7 3 4 .6 1 0 .0871 -2 .3 3 6
120 4 .6 6 4 .3 0 0 .1109 -2 .3 6 7
150 4 .6 1 4 .0 2 0 .1351 - 2 .3 9 6
180 4 .5 5 3 .7 2 0 .1629 - 2 .4 3 0
210 4 .5 1 3 .5 2 0 .1 8 3 0 -2 .4 4 4
^ o b s . : 7 .5 7  x 10~4 1 /m ole  s e c .
^obs . ! 4 .2 1  x 10 s e c .
,
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Phenyl M ethyl S u lfo x id e
4.0M HCIO4., 0.10M WaX
Run I
(m ln .) a  x 1 0 " % b x 10” 5M b a - x vlo g  - (  —  
a  b -x
lo g  b
0 1 0 .0 0 5 .1 5 tm m mm an mm
30 9 .8 1 4 .2 3 0 .0 7 7 4 -2 .3 7 4
60 9 .6 7 3 .5 3 0 .1 4 9 2 - 2 .4 5 2
90 9 .5 7 3 .0 1 0 .2184 -2 .5 2 1
120 9 .4 7 2 .5 4 0 .2835 -2 .5 9 5
150 9*41 2 .2 1 0 . 3 4 0 8 -2 .6 5 6
180 9 .3 5 1 .9 1 0 .4 0 1 2 -2 .7 1 9
210 9 .3 0 1 .6 5 0 .4629 -2 .7 8 3
k o b s . : 9 .1 8 x 10~4 1 /m ole  s e c .
k . o b s . : 8 .4 3 x 10” 5
-1s e c .
Run I I
0 1 0 .0 0 5 . 1 6 ■IMIMWMIH
30 9 .8 1 4 .2 4 0 .0766 -2 .3 7 3
60 9 .6 6 3 .5 0 0 .1529 -2 .4 5 6
90 9 .5 5 2 .9 5 0 .2 2 2 0 -2 .5 3 0
120 9 .4 7 2 .5 1 0 .2889 -2 .6 0 0
150 9 .3 9 2 .1 3 0 .3 5 6 4 -2 .6 7 2
180 9-33 1 .8 6 0 .4126 -2 .7 3 1
210 9 .2 9 l.;66 0 .4594 -2 .7 8 0
k o b s . : 9 .1 8  x
-410 1 /m o le  s e c .
k o b s . : 8 .9 3  x 10“ ^ sec.""^
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Phenyl M ethyl S u lfo x id e
4.0M HCIO^, 0.20M Nal
Run I
( m in . ) a  x 1 0 "2M h x 10“ 3M -1 b / fiL*X 1lo g  - ( r—  ) a ' b - x ' lo g  b
0 2 0 .0 0 5 .0 3
15 1 9 .8 0 4 .0 2 0 .0 9 2 0 -2 .3 9 6
30 1 9 .6 4 3 .2 5 0 .1807 -2 .4 8 8
45 1 9 .5 3 2 .6 8 0 .2 6 2 2 - 2 .5 7 2
60 1 9 .4 4 2 .2 4 0 .3401 -2 .6 5 0
75 1 9 .3 5 1 .7 9 0 .4335 -2 .7 4 7
90 1 9 .3 0 1 .4 9 0 .5120 -2 .8 2 7
W  : 1 0 *8 3 x 10“^ l /m o le  s e c .
W  ! 2 2 *08 x F
-* O 1 O
l - 1s e o .
Run I I
0 20 .0 0 5 .2 0 mmwm _  w»  — mm
15 1 9 .7 9 4 .0 7 0 .1078 - 2 .3 9 0
30 1 9 .6 3 3 .3 0 0 .1 8 9 2 —2 .4 8 2
45 1 9 .5 1 2 .6 8 0 .2 7 7 2 - 2 .5 7 2
60 1 9 .4 1 2 .1 9 0 .3 6 2 5 - 2 .6 6 0
75 t 1 9 .3 4 1 .8 3 0 .4 3 9 0 -2 .7 3 8
90 19 .28 1 .5 5 0 .5097 - 2 .8 1 0
105 1 9 .2 3 1 .2 7 0 .5 9 5 2 -2 .8 9 6
k o b s .  : 1 0 -6 3 * 10“4 l /m o le  s e c .
■^obs. * 22 .35  x 10~5
-1s e c .
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Phenyl M ethyl S u lfo x id e
4.0M HGIO4 , °*30M Nal
Hun I
( m l n . ) a  x 1 0 “ 2M b x  1 0“ lo g a vb - x ' lo g  b
0 3 0 . 0 0 5 . 2 8
10 2 9 .78 4 .0 4 0 .1129 -2 .3 9 4
20 2 9 .5 9 3 .0 9 0 .2266 - 2 . 5 1 0
30 29 .46 2 .47 0 .3 2 2 0 - 2 .6 0 7
40 29 .36 1 .9 4 0 .4255 -2 .7 1 2
50 2 9 .2 8 1 .5 5 0 .5218 -2 .8 1 0
60 2 9 .2 2 1 . 2 6 0 . 6 1 0 8 - 2 . 9 0 0
70 29 .17 1 . 0 2 0 .7018 -2 .9 9 1
1c , : o b s . 1 2 . 6 2  x 1 0 ~ 4 1/m o le  s e c .
i 3 7 . 5 0  x IO- 5 s e c . " 10  D S  .
Run I I
0 3 0 . 0 0 4 .9 8 _____
10 29 .75 3 .69 0 .1 2 6 5 - 2 .4 3 3
20 29 .59 2 .91 0 .2 2 7 4 -2 .5 3 6
30 29 .47 2 . 3 0 0 .3278 - 2 . 6 3 8
40 2 9 .40 1 .9 4 0 .4007 - 2 .7 1 2
50 29 .31 1 .5 1 0 .5 0 8 1 - 2 . 8 2 1
60 29 .25 1 .1 9 0 .6107 - 2 .9 2 4
70 2 9 . 2 1 0 .9 9 O .6 9OO - 3 .0 0 4
^-obs. : 12 .3 5  x 1 0 " 4 1/m o le  s e c .
^ o b s . r 36 .6 7  x 1 0 “ 5 s e c , “ 1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Phenyl M ethyl S u lfo x id e
4.0M HCIO4 , 0.2M N al, 2 .5  x 10“ 5M I 2
Run I
t im e  (m ln .)  c x  10"5  Mole lo g
90
Q 95  - 4 .0 0 2 2
30  8 *. 01
uc. 6 48 -4 .1 8 8 4
£5 -4 .28X 5
4 .3 3  -4 .3 6 3 5
7 5  3 . 5 3  -4 .4 5 2 2
* o b s .  “ 2 2 -6 2  x 10 ' 5 3 8 0 - - 1
Run I I
4.0M HOIO4 , 0.20M N al,  4 .0  x 10 S u l f i d e
q 97 -4 .0 0 1 3
q '. 14 -4 .0 8 9 4
ak 6 73 -4 .1 7 2 045 ._A 0*10
60  5 .4 8
90  3 . 6 1  -4 .4 4 2 5
c —1
k o b s .  “ 2 2 .8 3  x lO -13 s e c .
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Phenyl M ethyl S u lfo x id e
4.0M H0104 , 0.20M N al, O.OOIM S u lfo x id e
Run 01
_ c
t im e  (m ln .)  0 x 10 Mole lo g  c
10 2 .4 1 -4 .6 1 8 0
20 2 .2 4 -4 .6 4 9 7
30 2 .0 4 -4 .6 9 0 4
40 1 .6 9 -4 .7 7 2 1
50 1 .4 8 -4 .8 2 9 7
60 1 .3 5 -4 .8 6 9 7
70 1 .3 0 -4 .8 8 6 1
^ o b s .  85 22,2f5
_ _ «• 5 —1x 10  s e c .
Run #1
4.0M HOIO4.1 0.20M N a l,  0.10M S u l fo x id e
11 2 2 .0 4 - 3 . 6 5 6 8
17 2 0 . 6 8 -3 .6 8 4 4
20 1 9 . 6 0 -3 .7 0 7 7
25 1 8 .3 9 -3 .7 3 5 4
30 17 .47 -3 .7 5 7 7
35 1 6 .1 1 - 3 .7 9 2 9
^obs. “ 22*23 x 10-5 s e o . “^
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Phenyl E th y l S u lfo x id e
4.0M H0104 , 0.20M Nal
Run I
tim e  (m ln .)  o x 1 0 Mol e Ip g —S.
20 1 0 .5 4  -3 .9 7 7 2
40 8 .7 2  -4 .0 5 9 5
60 7 .4 1  -4 .1 3 0 2
80 6 .3 6  -4 .1 9 6 5
5 . 3 6  -4 .2 7 0 8
4 .5 4  -4 .3 4 2 9
100
120















-3 .9 8 7 2
-4 .0 4 7 2
-4 .1 4 5 1
-4 .2 0 4 1
-4 .2 7 3 3
-4 .3 3 8 2
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Pheny l I s o p r o p y l  S u l f o x id e  























o x 10~,5 Mole l o g  o
1 3 .0 1  -3 .8 8 5 7
1 2 .9 6  -3 .8 8 7 4
1 2 .8 6  -3 .8 9 0 8
1 2 .7 5  -3 .8 9 4 5
1 2 .6 5  -3 .8 9 7 9
1 2 .5 5  -3 .9 0 1 4
1 2 .4 4  -3 .9 0 5 2
^ o b s . : x 10“ 5 s e e . “ ^
Run I I
1 2 .6 5  
' 1 2 .4 9  
1 2 .2 3  
1 2 .1 0  
1 1 .9 5  
1 1 .6 3
^ o b s .*  °*460 x 10“ 5 s e c .
Run I I I
-3 .8 9 6 2
-3 .8 9 7 6
- 3 .9 0 0 0
-3 .9 0 3 8
-3 -9 0 7 3
-3 .9 1 2 9
-3 .9 1 9 7
- e  - 110 0 s e c .
1 2 . 7 0
12 .66
1 2 .5 6
1 2 .4 8
12.38
1 2 . 2 2
1 2 .0 3
k : 0 .4 6 0  x o b s .
-3 .8 9 7 9  
-3 .9 0 3 4  
- 3.9126  
-3 .9 1 7 2  
-3 .9 2 2 6  
-3 .9 3 4 4
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f t-T o ly1 -M ethy l S u l fo x id e  
4.00M H0104 , 0.20M. Nal
Run I I
t im e  (m ln .)  c x lCT^ Mole lo g  Q_
10 1 0 .2 2  -3 .9 9 0 5
20 8 .4 8  -4 .0 7 1 6
30 6 .9 7  -4 .1 5 6 8
40 5 .7 0  -4 .2 4 4 1
50 4 .7 5  -4 .3 2 3 3
60 3 .9 8  -4 .4 0 0 1
70 3 .7 1  -4 .4 3 0 6
k o b s .  = 3 2 . 2 0  x  10 -5  
Rua. I l l
10 1 0 .2 9  -3 .9 8 7 6
20 8 .5 0  -4 .0 7 0 6
30 6 .9 0  -4 .1 5 6 1
40 5 .7 8  -4 .2 3 8 1
50 4 .8 1  -4 .3 1 7 8
60 3 .7 6  -4 ,4 2 4 8
70 3 .1 8  -4 .4 9 7 6
*ot>s. “  51 -82 1 10' 5
Run IV
10 1 0 .5 1  -3 .9 7 8 4
20 8 .6 8  -4 .0 6 1 5
30 7 .1 9  -4 ,1 4 3 3
40 5 .9 1  -4 .2 2 8 4
50 5 .0 7  -4 .2 9 5 0
60 4 .1 4  -4 .3 8 3 0
70 3 .4 2  -4 .4 6 6 0
W  -  3 1 .0 5  x 10 -5
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m -T o ly l M ethyl S u l fo x id e  
45>M H010/j.f 0.20M Nal
Run I
tim e  (m ln .)  o x 1 0 "5 Moles lo g  o
10 1 1 .1 5  -3 .9 5 2 7
20 9 .5 1  -4 .0 2 1 8
30  8 .1 1  -4 .0 9 1 0
40 7 .0 0  -4 .1 5 4 9
50 5 .9 7  -4 .2 2 4 0
60 5 .2 9  - 4 .2 7 6 5
70  4 .4 2  -4 .3 5 4 6
k o b s .  * 25 ,68  x 10“ 5 s e c - ’ 1
Run 11
10 1 0 .5 8  -3 .9 7 5 5
20 9 .2 4  -4 .0 3 4 3
30 7 .7 9  -4 .1 0 8 5
40 6 . 5 6  -4 .1 8 3 1
50 5 .6 9  -4 .2 4 4 9
60 4 .8 5  -4 .3 1 4 3
70 4 .3 2  - 4 .3 6 4 5
k o b s .  = 2 5 *83 x 10~5 s e c . " 1
Run I I I
10 1 0 .0 4 -3 .9 9 8 3
20 8 .6 7 -4 .0 6 2 0
30 7 .3 3 -4 .1 3 4 9
40 6 .2 0 -4 .2 0 7 6
50 5 .5 0 -4 .2 5 9 6
60 4 .6 5 -4 .3 3 2 5
70 3 .9 8 -4 .4 0 0 1
* o b s .  B 2 5 .3 0  x 10~5
-1s e c .
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p-O hlorophenyl M ethyl S u lfo x id e
Run I
-5tim e  (m in .)  c i  10 Moles lo g  c
5 1 2 .7 1  -3 .8 9 5 8
10 1 2 .0 8  - 3 .9 1 7 9
20 1 1 .1 7  -3 .9 5 7 9
30 1 0 .6 7  -3 .9 7 1 8
40 9 .7 3  -4 .0 1 1 9
—5k 0b s .  = 1 2 .6 5  x 10 s e c .
Run I I
10 1 1 .4 1  -3 .9 4 2 7
20 1 0 .7 0  -3 .9 7 0 6
30 9 .9 6  -4 .0 0 1 7
40 9 .1 0  - 4 .0 4 1 0
50 8 .4 4  -4 .0 7 3 7
60 7 .7 4  - 4 .1 1 1 3
70 7 .2 4  -4 .1 4 0 3
k 0bB» "  1 3 .0 3  x 10 -5  sec,"*1
Run I I I
10 1 1 .5 5  -3 .9 3 7 4
20 1 0 .6 9  - 3 .9 7 1 0
30 9 .8 4  -4 .0 0 7 0
40 9 .1 5  -4 .0 3 8 6
50 8 .4 6  -4 .0 7 2 6
60 7 .7 3  -4 .1 1 1 8
70 7 .0 9  -4 .1 4 9 3
I
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m -Q hloronhenyl M ethyl S u lfo x id e
Bun I I I
t im e  ( m l n . ) c x  10**^ Mole Ioir: c
15 1 1 .4 0  -3 .9 4 3 1
41 1 1 .0 0  -3 .9 5 8 6
45 9 .7 9  -4 .0 0 9 2
62 8 .9 4  -4 .0 4 8 7
75 8 .3 2  . -4 .0 7 9 9
90 7 .7 4  -4 .1 1 1 3
105 7 .0 3  -4 .1 5 4 7
w . . .
^ o b s .  = x sec.*"1
Bun IV
15 1 1 .6 6  -3*9353
30 1 0 .7 9  - 3 . 9 6 7 0
45 1 0 .0 6  “ -3 .9 9 7 4
60 9 .4 8  - 4 .0 2 3 2
75 8 .4 0  -4 .0 7 5 7
90 7 .8 4  -4 .1 0 5 7
105 7 .3 7  -4 .1 3 2 5
k o b s .  -  8 *^3 x 10 -5  s e c . " 1
Bun V
15 1 1 .4 3  -3 .9 4 1 9
30 1 0 .4 2  -3 .9 8 2 1
45 9 .5 2  - 4 .0 2 1 4
60  8 . 8 9  -4 .0 5 1 1
75 8 .1 5  -4 .0 8 8 8
90 7 .4 3  -4 .1 2 9 0
105 6 .4 8  -4 .1 8 8 4
- 5  - 1k 0bs . “  9*05 x 10 s e c .
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p-Nltrophenyl Methyl Sulfoxide
Run 1
tim e  (m ln .)  c x 10**^ Mole log,,o„
30  1 1 .3 9  -3 .9 4 3 5
60  1 0 . 2 0  -3 -9 9 1 4
90 9 .3 0
120  8 .5 2  -4 .0 6 9 6
1 3 0  7 . 8 2  -4 .1 0 6 8
180 7 . 1 6  -4 .1 4 5 1
k o b s .  “ x 10~ 5 s e c *’*1
Run I I
30  1 1 .3 9  - 3 .9 4 3 5
60 1 0 .2 3  -3 .9 9 0 1
9 0  9 .6 5  -4 .0 1 5 5
1 2 0  8 .8 7  -4 .0 5 2 1
150  8 .0 4  -4 .0 9 4 7
1 80  , 7 . 1 9  - 4 .1 4 3 3
210  6 .7 3  -4 .1 7 2 0
k o b s , = 4 .9 8  x 10" ^ s e c .*"1








1 1 .1 3





6 . 1 2
-3 .9 5 3 5
-3 .9 8 6 9
-4 .0 3 2 9
-4 .0 7 0 1
-4 .1 0 6 8
-4 .1 4 9 3
-4 .2 1 3 2
^  R -1k o b s .  = 5 . 0 9  x  10  ^ s e c .  A
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m -M troph en yl M ethyl S u lfo x id e
Run I
t im e  (m ln .) c x 10“ '* Mole lo g  0
30 1 1 .4 5 -3 .9 4 1 2
60 1 0 .9 8 -3 .9 5 9 4
90 1 0 .3 5 -3 .9 8 5 1
120 9 .7 2 -4 .0 1 2 3
150 9 .2 2 -4 .0 3 5 3
180 8 .5 8 -4 .0 6 6 5
210 8 .1 6 -4 .0 8 8 3
W  = 3-33  * 10 -5  s e e . - l
Run I I
30 1 1 .8 4  -3 .9 2 6 6
6 0  1 1 .0 8  -3 .9 5 5 5
90 1 0 .4 9  -3 .9 7 9 2
120 1 0 .6 6  -3 .9 7 2 2
150 9 .5 4  -4 .0 2 0 4
180 8 .7 9  -4 .0 5 6 0
210 8 .7 6  -4 .0 5 7 5
k o b s .  “  5 *33 x 10" 5 s 0 0 -" 1
Run XII
30 1 1 .5 4  -3 .9 3 7 8
60 1 0 .9 7  - 3 .9 5 7 9
90 1 0 .1 6  -3 .9 9 3 1
120 9 .5 6  -4 .0 2 9 5
150 9 .0 7  -4 .0 4 2 4
180 8 .4 5  -4 .0 7 3 1
210 7 .9 5  -4 .0 9 9 6
k 0b s .  * 3 A 5  x  10‘ 5 s®0 *"1
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p-M ethoxyphenyl M ethyl S u lfo x id e
Run I
t im e  (m in .)  o x 10"“^ Mole l o g  c
5 1 1 .2 4  - 3 .9 4 9 2
10 10.50  - 3.9788
15 9 .5 8  -4 .0 1 8 6
20  8 .8 3  -4 .0 5 4 0
25 8 .0 9  -4 .0 9 2 0
30  7 .4 9  -4 .1 2 5 5
35  6 .9 5  -4 .1 5 8 0
k o b s .  88 2 7 *60 x 10"*5 s®0 *"1
Run I I I
5 1 1 .3 4  -3 .9 4 5 4
10  1 0 .3 1  -3 .9 8 6 7
15 9 .5 2  -4 .0 2 1 4
20 8 .7 1  -4 .0 6 0 0
25 8 .1 3  -4 .0 8 9 9
30  7 .3 8  -4 .1 3 1 9
35 6 .8 1  -4 .1 6 6 8
i  . = 2 7 .6 0  x 1 0 - 5  g g c ."*1
0  D S  .
Run IV
5 1 2 .6 2  -3 .8 9 8 9
10 1 2 . 0 2  - 3 .9 2 0 1
15 1 0 .8 1  -3 .9 6 6 2
20 1 0 .0 5  -3 .9 9 7 8
25 9 .3 0  -4 .0 4 1 5
30  8 .5 4  -4 .0 6 8 5
k ot>s. “  2 6 * "  x 10*"5 8 e G ' m'1
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m-Methoxyphenyl M ethyl S u lfo x id e
Run V
tim e  (m in .) c x 10“ ^ Mole lQg_Q
10 1 2 .1 2 -3 .9 1 6 5
20 1 1 .0 0 -3 .9 5 8 6
30 9 .9 8 -4 .0 0 0 9
40 9 .1 5 -4 .0 3 8 6
50 8 .3 8 -4 .0 7 6 8
60 7 .7 4 - 4 .1 1 1 3
70 7 .0 9 -4 .1 4 9 3
k o b s .  K 14 *95 x 10" 5 s e c -” X
Run VI
10 1 1 .7 7  - 3 .9 2 9 2
20 1 0 .7 1  -3 .9 7 0 2
30 9 .7 8  -4 .0 0 9 7
40 8 .9 6  - 4 .0 4 7 7
50 8 .0 5  -4 .0 9 4 2
60 7 .4 9  -4 .1 2 5 5
70 6 .8 9  -4 .1 6 1 8
k . ss 1 4 .8 4  x 10"^ s e c . " ^  o b s .
Run V II
10  1 2 .2 2  - 3 .9129
20 1 1 .2 8  -3 .9 4 7 7
30  1 0 .2 4  -3 .9 8 9 7
40 9 .4 3  - 4 .0 2 5 5
50  8 .5 5  -4 .0 6 8 0
60 8 .0 4  -4 .0 9 4 7
7 0  7 .3 6  -4 .1 3 3 1
k o b s .  88 l 4 *95 x 10~5 s e 0 -” 1
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o l a - 4 - (4 - O h io ro p h e n y l) -T h ia n e - l -O x id e  
4.0M H0104 , 0.20M N al,  HgO/HOAc ( s o lv e n t )
Hun I
t i m e ( m l n . ) c x 10"^ Mole lo g  c
60 9 .2 2  -4 .0 3 5 3
90 8 .5 9  -4 .0 6 6 0
120 8 .0 4  -4 .0 9 4 7
150 7 .5 0  -4 .1 2 4 9
180 6 .8 4  -4 .1 6 4 9
210 6 .2 4  -4 .2 0 4 8
^ o b s . 4 .2 6  x 10 -5  se0# - l
Hun I I
15 10 .64  -3 .9 7 3 1
30  1 0 .2 0  -3 -9 9 1 4
45 9*76 -4 .0 1 0 5
60 9 .3 9  -4 .0 2 7 3
75 9 .0 5  -4 .0 4 3 3
90  8 .5 7  -4 .0 6 7 0
105 8 .3 0  -4 .0 8 0 9
« 4 .6 0  x 10“5 s e o . " ^o b s .
t r a n s - 4 - ( 4 - C h lo r o p h e n y l ) - T h ia n e - l - O x ld e
Run I
15 1 .7 0
20 1 .4 8
25 1 .06
30 0 .7 2
-4 .7 6 9 5
-4 .8 2 9 7
-4 .9 7 4 7
-5 .1 4 2 7
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8 6
P h en y l t - B u t y l  S u l fo x id e  
4.0M HCSIO ,^ 0.20M Hal
t im e  ( h r . ) I p x 1 0 “ 5 ,m S u lfo x id e  x 10 , M lo g  (S C
0 1 2 .56 -3 .9 0 1 0
3 0 .7 9 1 1 .7 7 -3 .9 2 9 2
6 0 .8 2 1 1 .74 -3 .9 3 0 3
9 0 .8 5 1 1 .7 1 -3 .9 3 1 8
12 0 .8 9 1 1 .6 7 -3 .9 3 2 9
15 0 .9 4 1 1 . 6 2 -3 .9 3 4 8
18 0 .9 8 1 1 .58 -3 .9 3 6 3
k . = 0 .0 3 5  x 10 -5  g e e . " 1
o b s .
* C a lc u la t e d  c o n c e n t r a t i o n  o f  s u l f o x i d e  rem a in in g  h a se d
on th e  amount o f  io d in e  form ed w i th o u t  c o r r e c t i n g  f o r  io d in e  
formed due to  oxygen i n  th e  r e a c t i o n  sa m p le .  A b la n k  i n -  
d i c a t e d  t h a t  0 .8 8  x 10 3 mole o f  io d in e  was form ed due t o  th e  
p re s e n c e  o f oxygen a f t e r  18 h r .  o f  r e a c t i o n  t i m e .  C o r r e c t in g  
f o r  th e  amount of i o d i n e  form ed due t o  oxygen , t h e  co n c e n -  
t r a t i o n  o f  s u l f o x i d e  re m a in in g  a f t e r  18 h r .  was 1 2 .4 6  x 1 0 -  
m ole . P l o t t i n g  th e  lo g  of t h i s  c o n c e n t r a t i o n  and th e  i n i t i a l  
c o n c e n t r a t i o n  v e r s u s  t im e  r e s u l t e d  i n  th e  f o l lo w in g  e s t im a te d  
r a t e  c o n s t a n t :
-5  -1k . a* 0 .0 1 2  x 10 J s e c .  o b s .
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